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* No less important to the user of plastics than the 
adoption of X-ray inspection (either radiographic or 
visual or both) is the selection of suitable X-ray equip- 

ment—and demonstrably no 

X-RAYS AND PLAS TICS such equipment is better 
suited to the special require- 

ments of plestics radiology than the Victor “KX-140” 
unit. Its features of low inherent tube filtration and 
a penetration range from 30 kilovolts upwards are, 
for example, made-to-measure for the examination of 
light-density materials. Its remarkable fineness of effec- 
tive tube focus ensures the maximum in radiographic 
detail, Its precision of electrical control, its facilities 
for continuous operations at all voltages, its shock- 
proof, oil-immersed construction—all contribute to a 
design which is functional, flexible and wholiy reliable. 


* Write, without 
obligation, to 
Dept. IF|2 for 
fuller information. 


73 Queen Sq, Bristol, | — Bristol 20890 55 Pershore St, Birmingham, 5 ~~ Midland 2110 
Milne Buildings, 66 Mosley Street, Manchester, 2— Central 0275 
34 West George Street, Glasgow, C2— Douglas 1884 





LET your operators see the job 
they are on and you need not 


worty about your production jy. % | 
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figures. Anglepoise is a defin- 
ite modern aid to efficiency. 


It cuts out eyestrain and industrial 
fatigue with its clear flickerless 
beam right on the job, mot in the 
worker’s eyes. 

On lathes, milling machines, power 
drills—wherever the work demands 
a lighting unit so mounted that it’s 
always on the job yet never in the 
way—Anglepoise is to be found in 
progressive concerns all over the 
country. 

It takes up any angle at a touch and 
stays put, rock steady, yet moves at 
a finger touch from one end of the 
machine to the other—inch by inch, 
to follow the work as it progresses. 


INSTAL THE LAMP THAT ENDS 


Industrial Eyestrain 
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ANGLEPOISE LAMP 


Sole Makers: 
HERBERT TERRY & SONS LTD., REDDITCH 


T.A.I. 


Write today for 
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MOULDINGS FOR EVERYTHING 
POWDERS ELECTRICAL 
D AND 1,001 


| i OTHER USES 
Propucts O09 BI RKBYS LTD. Liversepce-vorks 





A wide practical experience enables us to 
give reliable technical data and valuable 
information on all these products. 
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B = - tt depends on many factors 
but remember it is an 
established fact that— 


TRADE MARK 


METHYL BROMIDE 


GIVES SPLIT-SECOND. 
FIRE EXTINCTION 


The triumph of ESSEX Methyl Bromide is summed up 
in the one word—SPEED. Results already achieved by 
this product of modern chemical science prove beyond 
doubt that there is no known medium in the world 
today capable of extinguishing FIRE more quickly or 
more effectively than ESSEX Methyl Bromide. 


The 
Pika 
FIRE PROTECTION 


COMPANY LIMITED RICHMOND 


Fire Protection Engineers 
and Consultants TEL.: RICHMOND 2342-3-4 
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MOULDED COMPONENTS (JABLO) LTD. 


PIONEERS IN 
LAMINATED PLASTICS 


y mu pIADES Fae 


See 


SARL 0 PROPEL EME LI MUTT oe 








PLASTICS FEBRUARY, 194: 





SYNTHETIC RESIN PAPERS 
FOR LAMINATION OR TUBE WINDING 


(+ 





HENRY & LEIGH SLATER 


BRANCH OF 
THE ASSOCIATED PAPER MILLS LTD. 


BOLLINGTON, NEAR MACCLESFIELD 











FOR EVERY 
APPLICATION 


Ilustration shows Moulded Escutcheon 
Plates for Push Button Radio Sets. 
Send us your enquiries. A Technical 
Representative will be pleased to call 
and discuss mouldings with you. 


ileal sd Preduets 





LIMITED 





CHESTER ROAD + TYBURN <<: BIRMINGHAM 


Longleys 





FEBRUARY, 1943 PLASTICS 


= 














REAL ACHIEVEMENT 


On a January day in 1826 the first Holyhead 
Stage-coach passed over Telford’s engineering 
masterpiece—The Menai Suspension Bridge— 
thus the journey from London to Holyhead 
and Ireland was greatly facilitated. 


At that time the firm of Kayser Ellison had 
already been established some months and was 
making a reputation for quality steels. Since 
those far off days the name Kayser Ellison has 
become of world-wide importance in the field 
of special steels. 


KE}STEELS 


KE. 961 and other K.E. Special Steels for 
Mould Die Work—in Forgings or Bars, black 


rolled or precision ground finish. 








_CRAYSER 9 ELLISON § & CO. LTD.) 


CARLISLE STEEL WORKS, SHEFFIELD. EST. IN 1825 





London Stockists (except for Stainless Steels) : 


FARMER, STEDALL & CO., 145-157 St. John Street, Clerkenwell, E.C. 1. 
London Stockists for Stainless Steels: 


MACREADY’S METAL CO. LTD.., 131-135 Pentonville Road, London, N. 1. 
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TRAPINEX Paint PROCESSES 


No plant 


Lasting 


delivery 


Why not follow the example of leading 
Air Ministry contractors, cosmetic and 
other manufacturers, who are using 
Trapinex Paint Transfers with con- 
spicuous success on plastics, metal and 
other difficult materials. Any colour 
can be used, including white on black, 
and anyone can apply them. No less 
valuable is the Trapixex process for 
printing in paint direct on to plastic 
and other articles suitable for sending 
to our works. 


Write or "phone for specimen 


TRAPINEX LTD. 


2, COMMERCE WORKS, 
43, COMMERCE ROAD, N.22 
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preoccupation of an 
Ellison employee’s son 
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ELLISON INSULATIONS 
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EAST LONDON MICA'WORKS 


Ringwood Road, London, E17 


Phone: KEYstone #254 + Grams - Elmicmer, Phone, London. 
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balanced 
co-ordination 


‘One-operation control’ ensures 
that every part of the job is kept in 


proper relationship to every other. 


For instance, your stock of certain matericls 
and the position as to replenishment may 
well govern which part of the job you 
start on, which part you speed up on. 


A departmental form- system, based on 


‘one-operation control,’ would eliminate all 
avoidable gaps, all unnecessary delays—and 
yet save clerical labour. Let our expert 
representatives help you plan it—to maximum 


advantage (and maximum paper economy). 





An example— A Lamson 
Paragon system—"*PARABAR” 
in which by means of a simple 
attachment, the great advan- 
tages of Continuous Forms 
can be obtained from almost 
any standard typewriter, with- 
out in any way interfering 
with its use for other purposes 
such as correspondence 
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WHY NOTA 


Piper 


TUBE... 


You may have a 
TUBE Problem 
If so, 
let us help solve it 


PHONE: 
Woodley 
2271-2-3 


If you use TUBES made of metal or any 
other materials, just consider whether 
or not a PAPER TUBE will do the job. 
Our Paper Tubes, made from special 
quality paper and impregnated with 
Thermo-hardening resins, are strong, 
light in weight, and usually show 
a definite economy. 

Used increasingly for vital components, 
they have been tried, tested, and not 
found wanting in a great variety of 
industries during the last ten years. 
Needless to say, under present con- 
ditions we are compelled to limit 
supplies to users for essential purposes. 


Tue TEXTILE 


PAPER TUBE CO. LTD. 


OAKWOOD MILLS 
ROMILEY, near STOCKPORT 
Air Ministry Authority Ref. No. 2216/4! 
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Have you considered 


PEROBESTOS ? 


In the world of plastics Ferobestos is becoming 

more and more employed in solving specific problems 

of industrial production. This laminated plastic can be used at temperatures up to 
350° C and is chemically resistant to all but the strongest acids and alkalis. It does 
not swell in water and can be lubricated either by oil or water (special grades are 
supplied for dry running). Hard-wearing and easily manipulated, it can be obtained 
in tubes, rods, sheet form or moulded to special requirements. Our technical depart- 
ment will gladly collaborate with you in any new developments. 


FEROBESTOS 
p lastic Pro es (neaisrento) 


MADE BY FERODO LIMITED . CHAPEL-EN-LE-FRITH 





PLASTICS 


{1 | Ht! 
vill if 


(ft 1 Me mn 


wort 
Ms | 


FEBRUARY, 1943 : 


haw? | 
f \, fas) 


Grindstones and Mailestones 


The old grindstone outside the village | 
smithy served its purpose well, but 
many highly specialised industries 
demand grinding wheels of tougher 
mettle and greater variety. 

Many of the grinding wheels in the 
factories of to-day are artificial stones, 
made in many grades and sizes, and 
they are essential machines in a 
variety of industries. 

The millions of tiny particles which 


| 





go to make these grinding wheels 
have to be bonded together with 
something that will always hold, 
whatever else disintegrates. That 
‘something’ which holds the particles 
together is Bakelite Synthetic Resin 
Cement . . . This is just one more 
example of the many industrial uses 
of Bakelite Plastics — another mile- 


' stone in modern chemical-industrial 


achievement. 


BAKELITE LIMITED, 18 GROSVENOR GARDENS, LONDON, S.W.1 
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BAKELITE PLASTICS 
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Pioneers in the Plastics World 
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Planning Science 


IR STAFFORD CRIPPS, Minister of 

Aircraft Production, was the principal 
speaker in a discussion of the need for 
planning science at a meeting of the 
Association of Scientific Workers, at 
Caxton Hall on 30-31 January. 

He stressed the importance the Govern- 
ment attached to the proper utilization of 
our scientific effort and had built up an 
organization which in many branches of 
science had kept us ahead of the enemy. 
He said there were five members of the 
Cabinet directly concerned with such 
matters, while the Paymaster-General 
himself was a pure scientist. 

The Government, he concluded, was 
now fully alive to the fact that our sur- 
vival and our victory depended to a great 
extent upon the output of our scientists 
and our research institutions, and that 
everything must be done to utilize to the 
full that very high degree of scientific 
intelligence which this country  un- 
doubtedly possessed. 

Of special interest was the reading of 
a paper by Dr. H. Barron, who has 
already done so much by sound public 
propaganda to give the outside world a 
reasoned yet exciting view of what the 
plastics industry makes. 

In this Plastics Age, he said, Great 
Britain must not only participate, but also 
endeavour to lead as it did in the Steel 
Age. It is no use standing by and cheer- 
ing progress in other countries. It is hope- 
less to rely merely upon natural causes to 
ensure leadership in this development. 
It is essential to make a conscious effort to 
attain a leading position. 

This coming Plastics Age does not 
merely imply expansion in the use of 
moulded materials to which we are 
already accustomed. A Plastics Age will 
not necessarily be synonymous with an 
Ash Tray Age. In this form of activity 
we can hold our own. 

The critical feature is the problem 


associated with the newer types of 
thermoplastics which are of such obvious 
importance. The future of these is 
bound up with the availability of 
raw materials and the costs. Our showing 
in the new plastics is not at all impressive. 
We fabricate them on an increasing scale, 
and skilfully, but we make comparatively 
little of our own plastics. So far as our 
home-made materials are concerned they 
are all far too expensive. During war- 
time we can afford to pay for the special 
jobs these materials do, but we have to 
take a longer view. 

We are told that the future of the 
country depends upon its export indus- 
tries. On our present basis we could 
hardly hope to export the newer plastics 
in the future. Certainly there is no indica- 
tion at present that any of our materials 
can possibly compete for cost with those 
produced in the United States or in Ger- 
many. The margin is so great that no 
article fabricated by us could compete 
with them. Moreover, it is not certain 
that we can even produce for internal con- 
sumption and compete with imported 
articles in the future. It is, therefore, 
imperative that we obtain cheaper raw 
materials. 

This brings out the importance of 
American synthetic rubber activity. In 
the first place it is an essential war 
measure in order to make good the short- 
age of raw rubber in the present crisis; 
but as a long-term project it also ensures 
an enormous cheap supply of by-products 
which can be diverted into the plastics 
industry, and may more than compensate 
for any extra cost of their rubber. As a 
result, added to the pressure of their 
already large and progressive plastics 
industry, there is a further thousand mil- 
lion dollars of Government capital to sup- 
port these activities. Resulting from this 
is an enormous stream of fully experienced 


. technicians. 
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If, therefore, he continued, in this 
country the feeling is that we do not want 
a synthetic rubber industry—in his view, 
wrongly—at least we should consciously 
go for plastics in as big a way as possible. 
We have two possible sources of the 
necessary raw materials. The obvious 
source is the proper exploitation of coal. 
The other possibilty is the expansion of 
the oil-refining industry. The oil aspect 
is highly controversial, but there is com- 
plete unanimity on the coal angle. There 
remains only to put it into practice as 
soon as possible. What is being done? 
So far as he could see, comparatively 
litle. The new £1,000,000 research 
scheme for coal is a faltering step in the 
right direction. It is, however, utterly 
inadequate and vague. If the entire sum 
were devoted to the production of plastics 
from coal it would still be a very small 
investment in view of the enormous pos- 
sibilities involved in the post-war period. 

It is necessary to get the greatest pos- 
sible scientific and technical weight 
behind this drive for plastics. As a sug- 
gestion he thought it would be as well to 
encourage all technicians in the temporary 
industries, e.g., ordnance, aircraft, etc., 
to make a study of plastics with a view 
to a future career. It is almost catastrophic 
that the flow of ideas and patents 
on the subject in this country should be 
such a trickle as compared with the tor- 
rent both in the United States and in 
Germany. We must persuade _ the 
powers-that-be that research and develop- 
ment are the best forms of investment. 

He would suggest the inauguration of 
introductory courses on the subject at all 
universities and technical colleges. 


British Plastics and Chemicals 


We were extremely interested to note 
Dr. Barron’s reference to the need for 
making Great Britain conscious of the 
fact that other countries, to be quite 
specific, America and Germany, have been 
outstripping us in the use of science and 
to the attitude towards science adopted by 
Government and Industry in pre-war days. 
We hope that Sir Stafford is right when 
he says that the Government now realizes 
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the importance of the scientist to the wel- 
fare of the country, and will give sufficient 
encouragement for something tangible to 
be done. 

Without doubt the United States during 
the past 10 years has captured the position 
held by Germany in being the world’s 
greatest chemical producer. This has 
been due to intense co-operation between 
industry and science with a resulting flood 
of patents of very original and productive 
ideas. We, on the other hand, have been 
content to buy licences for using patents 
after they have been thoroughly explored 
abroad. As Dr. Barron at that meeting, 
and Dr. Julian Huxley at the Brains 
Trust session on Tuesday, February 2, 
both remarked: The banker’s attitude is 
‘‘ Inventions are what make my securi- 
ties insecure.’’ 

The whole question of expanding our 
chemical and, therefore, plastics manu- 
facture has been laid wide open by Dr. 
Tugendhat in the paper on ‘ Oil—An 
Additional Basic Material for the Plastics 
Industry,’’ which he read last month 
before the Institute of the Plastics Indus- 
try. We have pleasure in publishing an 
abstract of it on page 51. 

For the first time it has been put to us 
very clearly and bluntly by this economist 
working in a petroleum refinery that there 
is little or nothing in the long presumed 
axiom that oil must be refined near the oil 
wells, and that economically they can well 
be refined in Great Britain from imported 
crude. His statements are of profound 
importance and if the Government heed, 
examine and approve them, then the plas- 
tics industry, indeed the whole country, 
may yet thank Dr. Tugendhat for his 
courage. For the time being, we can 
thank the Institute for their foresight in 
choosing the speaker and the subject. 

Concurrently, our ideas regarding coal 
and its products may also change, and 
that one day the views on the so-called 
invincible arguments that synthetic rub- 
ber or carbide must be made in the 
U.S.A. or Germany—anywhere but in 
Great Britain—may also be found to be 
based on false premises. 
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There is yet another: aspect which must 
be considered by Authority, for it fits in 
the picture. It is the proper use and 
encouragement of our scientists. Some 10 
to 15 years ago we lamented in another 
journal the fact that one of the most 
brilliant of our chemical engineers left this 
country for the U.S.A. to join a petro- 
leum company. To-day his nanie is seen 
at the head of many papers and patents 
for the production of synthetic rubber and 
chemicals from petroleum. He has been 
followed by many others. The most recent 
shock thus felt in this country is the news 
that Dr. Stafford Whitby has, after 
resigning the post of Director of the 
Chemical Research Laboratory at Ted- 
dington, accepted the professorship of 
Rubber Chemistry at the University of 
Akron, Ohio. He has also been appointed 
chairman of the Technical Advisory Com- 
mittee of the Polymer Corporation Ltd., 
of Canada. 

We know none of the reasons for his 
departure. Nevertheless we regret it, for 
we need such men to guide us. 


Order from Chaos 


It has always been our contention that 
the pepular book on chemistry has been 
most difficult to write. Those who can 
write simply know too little about 
chemistry, while the chemist finds it diffi- 
cult to write simply or to explain the 
reactions of atoms and molecules without 
flying for aid to cumbersome and scientific 
expressions or the fearsome formule 
which are his everyday tools. 

As a result the so-called popular 
chemical bocks are in effect little more than 
descriptions of the materials made by the 
reactions of atoms and molecules and not 
an insight of what they are, what they 
look like, and how they react one upon 
another. Such books have little effect in 
furthering true knowledge. 

It was, therefore, with great satisfac- 
tion and even considerable pleasure that 
we recently read ‘‘-Order and Chaos in the 
World of Atoms,’’ by B. C. Saunders and 
R. E. D. Clark, two chemists at Cam- 
bridge. Whether or not it is the ‘‘ ideal ”’ 
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popular book on chemistry we do not 
know. It is, however, the best we have 
read so far. And, strangely enough, it 
can be read for its profound knowledge 
of the most fascinating and kaleidoscopic 
of sciences, by chemist or by tyro alike. 
It is most readable, almost completely 
free from chemical jargon, and makes 
profuse use of simple pictures employing 
such homely devices as match-sticks and 
marbles and pins to illustrate the atoms 
and molecules and the forces which make 
them rush together or drive them apart. 
Moreover, the authors do not disdain the 
use of amusing analogy to enliven their 
argument. The titles of the chapters 
‘‘ The Story of the Ultimate Particles of 
Nature,”’ ‘‘ Exploring Within the Atom,”’ 
‘““How. Atoms are Held Together,’’ 
‘* The Chemist as Architect,’’ ‘‘ Tailoring 
Big Molecules,’’ and ‘‘ Untailored Mole- 
cules ’’ give some indication of the fascin- 
ating contents of the book. 

Obviously the two last-named chapters 
deal mainly with fibres and plastics, and 
here our readers will find especial enjoy- 
ment. The description of the formation 
of plastic materials, what their molecules 
look like and what we may look forward 
to in the future, has never been bettered. 
The authors obviously know a great deal 
about this subject, and it is interesting to 
note, on p. 100, that they refer to a new 
type of apparatus for investigating how 
frequently two kinds of molecules will 
strike one another and react when large 
numbers of inert molecules are also 
present. They add: ‘‘ some day it may be 
possible to make accurate scale-models of 
molecules of all kinds out of transparent 
plastic materials. Such molecules could 
be shaken together and if two or more 
were made cpaque it should be possible 
to photograph . . . a small number of 
reacting ‘molecules’ in a mixture. It 
might then be possible to observe the 
number of collisions.’’ 

We enjoyed reading this book and 
learned so much that the few errors 
passed almost unnoticed. 

The book is published by English Uni- 
versities Press, Ltd., at 8s. 6d. 
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Petroleum for British Plastics 


te Wednesday, January 13, before the 
London Section of the Institution of 
the Plastics Industry, Dr. G. Tugendhat, 
M.Sc., of the Manchester Oil Refinery 
Ltd., read a paper entitled ‘‘ Oil—An 
Additional Basic Material for the British 
Plastics Industry.’’ 

The speaker began his lecture by 
examining the economics of refining 
petroleum in England as compared with 
refining close to the oilfields. He first 
pointed cut that of our total consumption 
of 11,000,000 tons of petrol, fuel oil, gas 
oil, lubricating oil, etc., only 15 per cert. 
of this total is refined in this country from 
imported crude. The remaining 85 per 
cent. is imported in the refined condition, 
and comes over an average distance of 
3,000 to 5,000 miles. He then pointed 
cut the rarely considered fact that in 
the United States vast quantities of crude 
petroleum are imported into the great 
refining centres in New York or Phila- 
delphia, some 2,000 miles from the Texan 
cilfields, to augment local oil production. 
Thus, from the point of view of proximity 
to oilfields, the refinery manager on the 
Eastern seaboard is not very differently 
placed from the refinery manager in Man- 
chester or London. Moreover, it is 
clearly recognized that complete refineries 
are constructed to process any type of 
crude, so that it would be a waste of 
elaborate machinery to make it depen- 
dent on one oilfield. Close proximity 
to an oilfield is, therefore, not desirable or 
at least unnecessary. 


Erection and Running Costs 


Dr. Tugendhat then discussed the rela- 
tive erection and running costs in Britain 
compared with those in America. There 
should be no difference, he said. The 
equipment, boilers, stills, tanks, pumps, 
etc., are comparatively simple instru- 
ments, although some _ parts are 
made of special steels to resist corrosion 
and high pressure. Moreover, material 
requirements are comparatively small. It 


is true that American steel companies 
have concentrated on refinery equipment, 
but given equal concentration of effort, 
competitive prices for construction mate- 
rial, etc., he failed to see why erection 
costs in this country should differ mate- 
rially from those in the U.S.A. Further- 
more, he did not see why the costs in this 
country of fuel, heat, power and chemi- 
cals (the last-named for chemical 
refining) should be appreciably higher 
than in the U.S.A. Given equal efficiency 
of operation, there should not be much 
difference between the two countries. As 
for transport, it is true, of course, that we 
have to import all our oil, but transport 
is cheap, for it can be brought over in 
merchant ships’ bottoms as well as in 
tankers. On arrival the crude oil could 
be pumped from the tanker through pipe- 
lines to the refineries at an average cost 
of 3s. to 4s. per ton for 100 miles. The 
finished products could be dealt with in 
a similar manner. 


Products of Modern Refining 


On the question of what materials for 
our plastics industry can be produced 
from petroleum, Dr. Tugendhat gave an 
illuminating picture of the modern com- 
plete refinery and what it can produce. 
There are no such refineries in this 
country, but it would comprise plant for 
hydrogenation, dehydrogenation, alkyla- 
tion, aromatization, polymerization, and 
all the usual plant for producing aviation 
and other fuels, lubricating oils, etc. 

There are at least 300 different chemi- 
cals being produced which include ben- 
zene, toluene, aldehydes, esters, glycerine, 
butadiene, styrene, ethylene, phenol, etc., 
etc., all of which are of direct interest 
to our plastics industry in making thermo- 
setting, thermoplastics and the rubber- 
like synthetics. Who shall say, ithe 
speaker said, which unknown hydrocar- 
bon fraction of to-day will not be one of 
the reigning monarchs of the plastics 
world to-morrow? 
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Dr. Tugendhat described the products 
to be expected from British refineries 
with a total annual throughput of 
5,000,000 tons of crude and cracking 
capacity of 3,000,000 tons. In addition to 
over 4,000,000 tons of liquid and solid 
products, there would be between 250,000 
and 500,000 tons of gases. Without 
dehydrogenation or aromatization the 
yields of unsaturates, mainly ethylene, 
propylene and _ butylenes, would be 
between 120,000 and 200,000 tons. These 
figures would be increased by dehydro- 
genation. By a new aromatization process 
which has been developed in this country, 
using naphtha or gas oil, it would be pos- 
sible to produce from each 100,000 tons, 
approximately 25,000 tons of unsaturated 
gases, ranging from ethylene to butylene, 
30,000 tons of low and medium boiling 
pure aromatic liquids such as benzol, 
toluene, naphthalene, etc. It would thus 
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be possible to produce many tens of thou- 
sands of tons of thiokol polyvinyl 
chloride, polystyrene, methacrylates, 
glyptals, phenols, butadienes, etc. 

It was unnecessary for him, he said, to 
stress the advantages for our balance of 
payment of our trade policy that may 
be gained by buying crude oil instead of 
finished products, particularly h’gh 
quality and high-priced products or 
chemicals. 

He completed his plea with the fol- 
lowing: ‘‘ Of one thing I am certain— 
as certain as I am of anything in this 
life—and that is that unless we apply our 
minds to everything that Nature has 
given us, we must, and we undoubtedly 
shall, fall behind those who are not con- 
tent to restrict their minds and their 
labours to the scraping out of narrow 
corners, but have set their ambitions on 
exploring the whole world.’’ 








SUPERVISORS’ DISCUSSION GROUP. 

The next meeting of the North-East Lon- 
don section will be held at the South-West 
Essex Technical College, Walthamstow, on 
Tuesday, February 23, at 7 p.m., when 
there will be a film demonstration followed 
by a talk by Mr. J. T. Bowers, of the Safety 
Department, Ford’s Motor Works, Dagen- 
ham. The subject will be ‘‘ Safety in 
Industry ’’ and the film will open with a 
short talk by Sir Duncan Wilson, formerly 
H.M. Chief Inspector of Factories. It then 
briefly draws a parallel between the orderly 
movement of road traffic and the need for 
similar rules in the factory. It illustrates 
dangerous machine-shop practices on power 
presses, drills, circular saws, etc., together 
with cautionary advice. The film ends 
with emphasis on the need for First Aid even 
for minor wounds. 

Mr. Bowers will welcome any practical 
engineering questions or points on the Fac- 
tories Act and Regulations. Time permit- 
ting, two other films, ‘‘ Dexterity Training’’ 
and ‘‘ No Accidents,’’ will also be shown. 

‘* Dexterity Training ’’ shows a series of 
typical ‘‘ hand-and-eye ’’ training exercises 
which form part of the curriculum in the 
gymnasium attached to an_ engineering 
works continuation school. This film 


” 


demonstration shows how the exercises in 





the school can be linked up with actual 
workshop movements. 

The film ‘‘ No Accidents ’’’ shows how 
trivial causes lead to major injuries. It 
touches briefly on several of the commonest 
hazards such as falls of persons, untidiness, 
defective hand tools, misuse of ladders and 
unauthorized removal of machine guards. 

This problem of safety in industry affects 
supervisors more to-day than ever before, 
and all interested are welcome. Tea may be 
obtained at the College from 6.30 p.m. 
Further information may be obtained from 
Hon. Secretary, South-West Essex Techni- 
cal College, Forest Road, Walthamstow, 
m7. 








NEW INSULATING TUBING SYSTEM. 

‘‘ Plasduct ’’ is the name given to a new 
insulating tubing system recently introduced 
by The General Electric Co. Ltd. It has 
been produced primarily for use in buildings 
of various types—Nissen huts, emergency 
hospitals, hostels and camps where close- 
joint tubing or cleat wiring has hitherto 
been specified. Plasduct tubing is con- 
structed of bakelized paper and, in addition 
to being an effective insulator, possesses the 
following properties: good mechanical 
strength; strong resistance to delamination; 
resists corrosion by many chemicals; highly 
resistant to moisture; light weight. 
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Fig. 1.—Details 
of. electrically 
heated hot-air 
torch (upper 
figure) and gas- 
heated hot-air 
torch (lower 
figure). 


Welding of Thermoplastics 


Presenting an Account by Henning (‘Kunststoffe,” 
April, 1942), covering, first, Evolution of Welding 
Methods and Equipment for Polyvinyl-chloride Sheet 


welded are those of the thermo- 

softening type. In the following 
account particular attention will be paid 
to polyvinyl chloride, without additions 
of plasticizer, filler, or other admixtures. 
The newly developed welding technique 
for plastics was evolved for this material; 
to-day, in modified form, it is also find- 
ing extensive use for other thermo- 
plastics. 
Development of Welding Technique for 

Plastics. 

The joining of thermoplastic parts by 
means of dowels, rivets and screws is of 
limited applicability only, and, even 
then, often unsatisfactory. Joining by 
means of adhesive, on the contrary, 
possesses many significant advantages, 
coupled, however, with the disadvantage 
that the joint, before being put into ser- 
vice, must be given at least 24 hours to 
dry off. Moreover, with adhesives, butt 
joints are not possible, any junctions 
having to be made by lapping. Thus, 
constructive possibilities are limited. 

Assemblies by the methods already 
noted tend to be massive, clumsy and 
expensive by reason of the amount of 
material used. Where powerful chemical 


Tee only plastics which can be 


attack is to be expected, which the struc- 
tural material itself could withstand, the 
adhesive often gives cause for anxiety. 

Considerable progress on these earlier 
techniques was foreshadowed by the 
development of a system analogous to 
that employed for joining metals, namely, 
gas or arc welding. Only by some 
method of this type is it possible to utilize 
to the full the good properties of polyvinyl 
chloride and to develop this material to 
its full extent. 

In the earlier stage of the research 
which eventually led to the development 
of the welding. method, it was known to 
the author that, by the simuitaneous 
application of pressure and heat, poly- 
vinyl chloride could be welded. Plates 
and blocks were, and, indeed, still are, 
prepared by taking foils a few tenths of a 
millimetre in thickness, building these up 
one on top of the other in a mould and 
then, whilst applying high pressure, 
warming through the mass. The foils 
“‘ flow ’’ one into the other and ultimately 
weld into a homogeneous mass. 

This method, .however, so far as the 
manufacture of semi-finished forms is con- 
cerned, is of little value. Investigations 
were, therefore, carried out in which the 














Fig. 2.—Butt-welding device employing local- 
ized hot-air blast and no filler rod. 


material was heated with suitable flames 
or hot irons just at those points in which 
it was desired to make joints. The ele- 
ments of the joint, thus suitably heated, 


were pressed strongly together. Unfor- 
tunately, the necessary pressure could 


not be reached, because, owing to the 
wide area softened under the action of 
heat, spreading and buckling occurred 
when any load was applied. In other 
words, the heating of the relevant surfaces 
was not localized or sufficiently uniform. 
If the temperature were correctly 
localized it was usually found that areas 
occurred in which non-uniformity of tem- 
perature resulted in the materials being 
either too hard or too soft ‘to weld, hence 
the joints obtained were unsatisfactory. 
Better results were obtained by the use 
of apparatus resembling the soldering 
ron, the heating of which could be very 
closely controlled. A tongue-like copper 
bit was pushed between the two surfaces 
to be welded, then, these having been 
sufficiently heated, it was withdrawn, the 
surfaces being immediately brought 
together. Where lap joints were con- 


cerned, the application of the ‘‘iron’’ 
was followed by that of a heavy roller, 
which followed behind the iron as the 
latter was drawn between the faces to be 
joined. 
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On small work pieces, usable joints 
were obtained in this way. In the case 
of seams, however, difficulties arose. The 
whole process was tedious in the extreme. 

Parallel researches on polyvinyl chloride 
with plasticizers and fillers gave consider- 
ably better results by this method than 
the neat resin. In this case hot air was 
used for heating the work. In the case 
of butt joints, pressure was applied by 
hand, rolling or rubbing being used for 
lap joints. The heating apparatus con- 
sisted of a jet with an attached electrical 
heating device. 

Research on the possibility of joining 
hard grades of polyvinyl chloride with 
softer grades gave promising results, so 
attempts were now made to weld com- 
ponents in the hard resin by means of 
inset strips of the plasticized resin. Fur- 
ther developments and modifications in 
the welding apparatus became necessary. 
As a result of this, gas and electrically 
heated ‘‘torches’’ very much of the type 
used to-day, were evolved (Figs. 1 and 8). 

Welded joints in hard grades of poly- 
vinyl chloride sheet and tube as carried 
out with the new apparatus and with filler 
rods of the softened resin proved 
eminently satisfactory. However, as a 
result of the low strength of the joints and 
their low resistance to chemical attack, 
due to the presence of the plasticized 
resin, welds of this type are of little 
importance to-day. 

For the purpose of further researches 





Fig. 3.—Showing correct positioning of torch 
and filler rod for seam welding of sheet. Note 
rod is almost vertical. ’ 
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there were placed at the disposal of the 
author filler rods of various diameters and 
with plasticizer contents varying from 50 
to 10 per cent. Work carried out per- 
mitted the following conclusions to be 
drawn:—With decreasing plasticizer 
contents, difficulties of welding increased; 
nevertheless, it was found possible to make 
a good joint with filler rods containing 10 
to 20 per cent. of plasticizer. Further 
developments in the production of wire 
and increased knowledge and experience 


‘in the handling of 


the system and 
tools made further 
progress _ possible, 
thus, to-day, filler 
rods with 10 per 
cent. plasticizer 
may be used with- 
out any difficulty. 
By the use of poly- 
vinyl - chloride 
types, polymerized 
to the right degree, 
filler rods may be 
made_ without 
plasticizer and give 
perfectly — satisfac- 
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obtained. A uniform pressure is then 
maintained until the~joint has cooled 
down. Very neat, perfect joints may be 
obtained by this method, which is useful 
when a number of joints of the same 
type have to be made. 


Welding With Filler Rod 


Hard grades of polyvinyl chloride do 
not become liquid by heating, but, some- 
where in the neighbourhood of 200 degrees 
C., exhibit a flow point. Advantage 
may be taken of 
this to make welded 
joints. The tem- 
perature of 200 
degrees C. must be 
held to as closely as 
possible. If the 
temperature be not 
gdigh enough, weak 
joints may readily 
be obtained, whilst 
if the temperature 
be much exceeded, 
decomposition of 
the resin occurs. 
Such decomposi- 
tion will aiso take 





tory joints. 


Butt Welding 
Without Filler Rod 

For pure butt 
welding without 
filler tods — a 
method — still in 


Fig. 4.—At left: double-V seam weld, show- 
ing results of use of too small a gap. Weld 
strength was here only 55 per cent. of that 
of the parent material. With correct spacing 
at base of Vs, as shown at the right, a 
clean weld is obtained, which, in this case, 
gave 88 per cent. of the strength of the 
parent material. 


place if the tem- 
perature be main- 
tained for too long, 
even below 200 
degrees C. 

The method of 
welding polyvinyl 
chloride with a 


course Of investigation, a device of the 
type shown in Fig. 2 was constructed. 
This enabied uniform heating of the sur- 
face to be obtained without any excessive 
penetration effects. The parts to be 
joined, for example, tubes, are heated on 
both operative faces and then pressed one 
against the other quite lightly. With this 
apparatus semi-automatic operation can 
be achieved. 

The necessary softening required for 
this type of butt welding can be obtained 
by friction alone. The parts to be welded 
are suitably chucked in a lathe and 
brought together so that one part rubs 
against the other until welding heat is 





filler rod resembles, so far as the handling 
of the torch and the rod are concerned, 
the ‘‘rightward welding’’ technique for 
the gas welding of metals. In contrast, 
however, to metallic welding, joining does 
not take place by virtue of the formation 
of a pool of molten material, nor does the 
filler rod run in drop form. The filler rod 
and the material being welded join only 
at the surface of contact so that the filler 
rod ‘‘ sags ’’ and remains “ fixed ’’ at the 
point of contact. 

Seam weld forms are the same as those 
used for metals, the edges to be welded 
are V’d off to give an included angle at 
the junction of 55 to 75 degrees. At the 
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base of the join a gap of 0.5 to 1 mm. is 
left to facilitate through welding. 

Edges for welding are prepared by 
rasping, filing, planing, etc. Also for this 
purpose, sanding discs or endless sanding 
belts have proved very satisfactory. In 
addition, surface grinders and tools of the 
type commonly used for working steel or 
wood are applicable. Tools specially 
adapted to the working of polyvinyl 
chloride for welding are in the course of 
development. 

After careful preparation of the edges 
to be welded, they are warmed up to flow 
point by lightly brushing over them the 
hot air or gas torch. After this, the filler 
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TEMPERATURE 

rod, which has been _ simultaneously 
warmed up, is brought into play. In the 
process of welding, a light brushing action 
with a hot-air stream is required in order 
to attain uniform heating of the edges to 
be welded and of the filler rod. 

The rod is now placed almost vertically 
behind the orifice of the torch, as shown 
in Fig. 3, and brought down at uniform 
speed with light pressure on to the point 
of welding. Excessive pressure and, 
above all, any lateral pressure likely to 
subject the new weld to any tensile stress, 
must be avoided. If this precaution be 
not observed, cracking is apt to take place 
during cooling or during any further 
heating owing to the occurrence of 
internal _ stresses. With insufficient 
heating the filler rod will lie unevenly 
along the weld and will be found easy to 
pull out. With practice an unsatisfac- 
tory weld would be distinguished at once. 


FEBRUARY, 1943 


Overheating may be detected by the 
formation of blow holes and by scorching 
or blackening of the material. Such 
appearances indicate local destruction of 
the resin. Before continuing welding, all 
overheated spots must be removed. 

Great cleanliness must be observed 
when welding polyvinyl chloride, as any 
foreign material, for example; grease, 
jeopardizes the weld or, at least, consider- 
ably influences its strength. Any foreign 
matter which has found admission to the 
weld must be removed by some appro- 
priate machine operation. It is not 
advisable to employ cleansing media as, 
in most cases, these contain powerful 


100 


% Fig. 5.—Tensile strength 
80 and elongation (8) in rela- 
tionship to temperature: 
for unwelded sheet, “ dot- 
dash”’ line; welded sheet, 
unplasticized rod, ‘dot- 
dash-x’’ line; welded 
sheet, rod with 10 per 
cent. plasticizer, 
“broken” line. All sheet 
8 mm. thick, double-V 
seam. 
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solvents which may 
adversely affect the joint. 

Welding is most easily and _ surely 
carried out on horizontal surfaces, never- 
theless, with sufficient praetice . and 
experience vertical or even overhead 
welding may quite readily be done. 

High-duty welds may best be assured 
by operating with the work horizontal 
and with maximum accessibility, these 
factors being cared for when designing and 
laying out’the welds. 


strongly and 


Welding of Polyvinyl Chloride Sheet 
Although polyvinyl chloride of higher 
grade has for some time been produced 
with almost constant mechanical proper- 
ties, natural variations in these properties 
do occur and cannot be overlooked. 
For this reason, in investigating the 
mechanical properties of welds, -it was 


‘necessary for purposes of comparison to 
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check up welded pieces against unwelded’ 
specimens from the same plate or tube. 
From the variations which occur, it thus 
becomes possible to determine to what 
extent variations in the basis material are 
responsible. For this reason, again, all 
results presented in this account are shown 
on a comparative basis. 
In the investigations, tensile and bend 
test pieces of constant size were used, 
irrespective of the plate thickness from 


which they were cut, this varying between 


3 and 8 mm. Tensile test pieces were 
200 mm. by 40 mm. with a gauge length 
of 25mm. To determine the effect of the 
form of the weld and the strength of this 
latter, single V welds and double-V welds 
were examined. For the V was selected 
an included angle of 60 degrees. Experi- 
ment and long-continued test had shown 
this to be the most satisfactory. 
Welding was carried out with filler rods 
with no plasticizer, using a series of filler 
rods of different diameters.. For plates 
of 3 and 8 mm. thickness and that of 
types of joint formation, tests were made 
on welds in machined and unmachined 


(kg/mm2) 


Fig. 7.—Effect of heating gas 
on U.T.S. of seam weld. 


Plain areas—no weld; black areas 
—rod with 10 per cent. plastic- 
izer (weld treated 720 hrs. in tap 
water at 40 deg. C.); vertical 
lining—rod without plasticizer 
(weld treated 720 hrs. in tap 
water at 40 deg. C.); horizontal 
lining—unplasticized rod; diagonal 
lining—rod with per cent. 
plasticizer. Sheet 8 mm. thick, 
double-V seam weld. Test tem- 
perature 23 deg. C. 
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Fig. 6.—U.T.S. and bend 
strength of hard-grade 
polyvinyl-chloride 
sheet in relationship to 
diameter -of filler rod. 
Z—tensile tests; B—bend 
tests; white areas—un- 
welded test pieces; hatched 
areas—test pieces with 
welds. Rod diam. |.5-2 mm. 
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without plasticizer—J; rod 
diam. 1.5-3 mm. without 
plasticizer—K: rod diam. 
3 mm. without plasticizer 
—L; rod diam. |.6-3 mm. 
with 10 per cent. plasticizer 
—M. Sheet 8 mm. thick, 
double-V seam weld. Test 
temperature 23 deg. C. 
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states. Longitudinal and transverse test 
pieces were taken in order to determine 
whether the location of the test piece in 
the plate had any influence on the 
strength of the weld. 

The quality of the weld was tested by 
means of tensile and bend tests, the 
former being carried out as short-time 
tests with fracture designed to take place 
within three months, whilst bend test 
pieces were so bent that the fibres in 
tension lay for three test pieces on one 
side of the sheet and for three test pieces 
on the other side. 

In order to bend machined and 
unmachined test pieces uniformly, and in 
order to assess their properties accurately, 
and, furthermore, in order to prevent con- 
fusion arising due to pressure applied in 
the region of the weld, bend test pieces 
were bent not over a mandrel, but were 
supported on suitable end blocks and 
loaded on each side of the weld 
symmetrically with two equal weights. 
The two weights were spaced 40 mm. 
apart, the supporting blocks 160 mm. 
apart. (See Fig. 6.) The leverage for 
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each load was 60 
measured at the weld. 


Influence of Weld Form, Pleat Thickness 
and Machining Weld 

With a well-made joint, the weld form 
has no influence on the quality of the 
junction. A good weld implies that weld- 
ing has been carried right through the 
joint, this being, above all, important in 
the case of the V seam. 

If welding be also afterwards carried 
out from the other side of the joint, it is 
possible to remedy any failures in the 
lower part of the seam. Thus, on the 
grounds of safety, it is advisable, 
wherever possible, always to work from 
both sides. 

The filler rods which are ‘‘run’’ along 
the joint must weld one with the other as 
well as with the edges of the material 
being joined, no ‘‘cold spots’’ being 
permitted and all over-heating avoided. 
Any overheating is to be recognized by 
small, badly browned or blackened lateral 
bubbles. If these latter be not cleared 


mm., bend being 


’ 


entirely away from the first side welded 


before undertaking welding from the 
second side, then the strength of the weld 
suffers markedly (Fig. 4). 

With increasing plate thickness, the 
strength of the weld drops, but the posi- 
tion of the seam in the plate, whether 
along or across, has no effect. Machining 
of the weld decreases its strength and is, 
therefore, to be avoided, if not required 
either on grounds of assembly or those 
purely of appearance. 

Mean values determined for the tensile 
strengths of welded polyvinyl chloride 
sheet were as follow :— 

Machined welds in 3-mm. sheet—78 
to 72 per cent. of the strength of the 
parent material. 

Machined welds in 8-mm. sheet—69 
to 50 per cent. of the parent material. 
Corresponding values for unmachined 

welds were, in the case of the 3-mm. sheet, 
88 to 78 per cent. of the parent material, 
and in the case of the 8-mm. sheet 81 to 
66 per cent. of the parent material. 


Weld Strength at Various Temperatures 
Weld strength was tested over the tem- 
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perature range —30 to +60 degrees C. 
Hard grades of polyvinyl chloride are 
chiefly used over the range 0 to +40 
degrees C. It must be borne in mind, 
however, that temperatures during winter 
may sink as low as — 30 degrees 
C. | Because of softening the material 
cannot be used much over +60 degrees C. 

Investigations were made to determine 
with what degree of safety weld might 
be relied upon in the temperature range 
quoted. Test pieces were welded with 
filler rod devoid of plasticizer and with 
filler rod containing 10 per cent. of 
plasticizer. In both cases wires of the 
same diameter were used and tensile 
tests were made at —30, —20, —10, —5, 
0, +20, +40 and +60 degrees C. Bend 
test pieces were tested as already described 
at room temperature. In addition to con- 
trol test pieces without welds cut from 
8-mm. sheet, comparison was also made 
with controls cut from 3-mm. sheet; 
results are summarized in Fig. 5. 

Whether the filler rod contained 
plasticizer, or did not contain plasticizer, 
it was found that in the temperature range 
—30 to +60 degrees C. welds could be 
used with practically the same degree of 
safety as at room temperature. In the 
range of —5 to —30 degrees C. the tensile 
strengths of welds made with rod with and 
without plasticizer are practically the 
same and, in contrast to the strength of 
the basis material, remain practically 
constant. 

From +30 degrees to +60 degrees C. 
the welds exhibit practically the same 
tensile strength as the basis material, 
excepting that the weld made with a filler 
rod containing 10 per cent. plasticizer 
shows somewhat greater elongation than 
that made with filler rod devoid of 
plasticizer. In the important tempera- 
ture range 0 to + 40 degrees C. welds with 
filler rod containing 10 per cent. plas- 
ticizer exhibit somewhat greater tensile 
strength, hence the plasticized rod is to be 
preferred in use on grounds of mechanical 
strength. However, resistance of chemical 
attack of the weld must also be con- 


-sidered. 
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Influence on Filler Rod Thickness on 
the Strength of the Weld 

In general, filler rods 1.5 to 4 mm. 
diameter were used. According to the 
apparatus and welding technique 
employed, the thickness of the filler rod 
can become of importance, but in most 
cases can be selected at will. From the 
standpoint of cost the thicker rod is more 
favourable. True, it cannot be run down 
so quickly as the thinner, nevertheless, 
total welding time used for the thick rod 
is less than that necessary for the thin. 

The following tests were carried out on 


Fig. 8.—Welds after 720 hours’ treatment 
in tap water at 40 deg. C.; heating gas, 
nitrogen. (Left) Rod without plasticizer ; 
(right) rod with 10 per cent. plasticizer. 


tansile and bend test pieces. Group J, 
filler rod diameters, 1.5 to 2 mm. without 
plasticizer; group K, filler rod diameters, 
1.5 to 3 mm. without plasticizer; group 
L, filler rod diameter, 3 mm. without 
plasticizer; group M, filler rod diameter, 
1.5 and 3 mm. with 10 per cent. plas- 


ticizer. Results are given in Fig. 6. 

It will be seen that the use of a thick 
rod gives better strength than where a 
thin rod is used for any given weld. The 
reason for this lies apparently in the fact 
that if, as when a thin rod is used, two 
or three layers must be superimposed to 
build up the weld, then the occurrence of 
weak spots between the layers is difficult 
to avoid entirely. This assumption is 
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also borne out by the fact that, using the 
largest diameter filler rod possible, then 
strength properties of the weld decrease 
with increasing plate thickness. 

In the present state of welding tech- 
nique, filler rods above 4 mm. diameter 
cannot be used with any degree of safety. 
Where welds are to be compared, test 
pieces must be taken from sheets of the 
same thickness and joins must be made 
with the same type and dimensions of rod. 


Influence of the Nature of the 
Heating Blast 

Welding is, in general, carried out with 
compressed air, but cases may occur 
where it is desirable to employ other 
available gases, as compressed air may 
not be available, hence any suitable 
cylinder gas must be employed. 

Production may make it expedient to 
use compressed by-product gases. As 
hard grades of polyvinyl chloride are not 
attacked by the majority of oxidizing 
gases that are likely to be available, there 
seems little point in considering the appli- 
cation of such different gases for the 
welding process. The quality of the weld 
obtained is not likely seriously to be 
influenced. The transference of heat, 
however, from the gas employed to the 
material being welded can be of import- 
ance, and for this reason tests were 
carried out under precisely similar condi- 
tions, using air, nitrogen, hydrogen, 
carbon dioxide and oxygen. Again, com- 
parative results were obtained with filler 
rods devoid of plasticizer and those con- 
taining 10 per cent. of plasticizer. 

It was shown that, for all the gases 
used, welding was easier with a plas- 
ticized rod than with an unplasticized 
rod. Each individual gas was found to 
require heating up to a different degree 
and the quantity of gas required was 
shown to be different again for each case. 
Thus, it transpires that the welder must 
adjust his working conditions according 
to the gas he is using and any data 
obtained for one gas can neither be simply 
nor readily employed for another gas. 
Apart from the question of plasticizer, 


(Continued on page 92) 
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Poly-iso-butylene 


The advent of this rubber-like polymer upon 
the plastic scene within the past few years 
created an immediate interest in the 
electrical industry especially in the field of 
cable manufacture. As indicated in the 
following notes, its especial chemical and 
physical characteristics give promise of even 
wider application, while the fact that .it is 
derived from a gas produced by the treat- 
ment of petroleum makes it of considerable 
importance not only in the war effort but 
also in post-war economics. 


f prem agg gee of iso-butylene to 
products fairly low molecular 
weight has a established for very 
many years, whereas the conversion of 
iso-butylene into polymers in the higher 
range of molecular weights and with 
different physical properties is a more 
recent development. In general, hydro- 
carbon polymers within the higher mole- 
cular weight range are obtained by 
polymerization at comparatively low 
temperatures, and the resulting product 
varies in appearance from thick syrupy 
liquids to highly elastic solids. 


General Properties 


At ordinary temperatures these poly- 
merized compounds are chemically inert, 
and their combustibility is approximately 
the same as that of natural rubber. In 
diffused light, the pure polymer is very 
stable, but in direct sunlight the original 
very large molecule will slowly diminish, 
resulting from depolymerization, which 
may be noticed by the reduction in 
strength and elasticity and an increase in 
stickiness. It is, of course, the simul- 
taneous influence of oxygen and _ ultra- 
violet rays which is responsible for this 
depolymerization, and the same change 
will be found to occur upon exposure to 
ultra-violet light alone. Against this, 
however, light resistance can be improved 
very considerably by the admixture of 
pigments or fillers. 
an addition of 1 per cent. of carbon black, 


As an instance, with © 


the product is mechanically unaltered 
after exposure under the quartz lamp for 
as long as 24 hours. 

Generally speaking, the most successful 
solvents for the polymerized products are 
the liquid aliphatic hydrocarbons and 
certain chlorinated hydrocarbons. The 
polymer is insoluble in methanol, glycol, 
glycerine, acetone, cyclohexanone and 
methyl or ethyl acetate. It will be 
found to swell in contact with mineral 
and vegetable fats and oils, and is 
soluble in such products as petrol, benzol, 
toluene, xylene, mineral oils, paraffin 
wax, paraffin oil, chlorbenzene, etc. The 
solvent properties of at least some of the 
foregoing are affected to a greater or 
lesser extent by the molecular weight of 
the poly-iso-butylene. 

Poly-iso-butylene has a _ considerable 
capacity for the absorption of a wide 
variety of fillers, particularly when these 
are added to the material during the roll- 
ing process. It has a substantial com- 
patibility with rubber and rubber-like 
materials and with such products as gutta 
percha, asphalt, waxes, factice, etc. 

With regard to its electrical properties, 
poly-iso-butylene, due to its being a pure, 
highly polymerized hydrocarbon, is out- 
standing and its electrical/insulation 
values remain unaffected by immersion in 
water. 


Effect of Rolling on Molecular Size 


As is common with all highly poly- 
merized products, as, for example, rubber, 
the poly-iso-butylene molecule is affected 
during the rolling process to the extent 
that the original large molecule is 
diminished. Poly-iso-butylene is a true 
thermoplastic, and every increase in the 
rolling § temperature proportionately 
increases the plasticity of the material, 
but with such increase in plasticity also 
occurs a reduction in the diminution rate 
of the original large molecule until, at a 
certain temperature, the material 
becomes so plastic that no further change 
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occurs and, consequently, no further 
alteration of the mechanical properties 
takes place. From this point, with 
further increase in the rolling tempera- 
ture, the product gradually becomes less 
resistant to the influence of oxygen. As 
an instance of this phenomenon, taking 
a sample of poly-iso-butylene with an 
original molecular weight of 215,000 and 
at a rolling temperature of 20 degrees 
C., the molecular weight after 30 
minutes’ rolling would be approximately 
72,000, and after 60 minutes’ rolling it 
would be approximately 43,000. Against 
this, if the rolling temperature were 140 
degrees C., the corresponding molecular 
weights would be 215,000 and 202,000 
respectively. 


Effect of Heat 


Another instance of conditions affect- 
ing molecular weight may, perhaps, be 
given. <A sample with initial molecular 
weight of 140,000 heated for two hours at 
150 degrees C. shows a reduction in 
molecular weight at the end of that time 
down to between 33,000 and 40,000. 
Against this, when 0.1 per cent. of stabi- 
lizer was added to a similar sample 
treated under exactly similar conditions 
the final molecular weight was found to 
be approximately 125,000, or where 
2 per cent. of stabilizer was added the 
final result showed a molecular weight of 
approximately 131,000. 

Tests have also been made as to the 
effect of prolonged kneading on mole- 
cular weight, when it was found with a 
sample with initial molecular weight of 
65,000 that after kneading for 12 hours 
at 125-150 degrees C. the molecular 
weight of the recovered product was 
10,000, whereas the same type of sample, 
to which 1 per cent. of stabilizer was 
added before kneading, gave a final mole- 
cular weight for the recovered product of 
65,000. 

Poly-iso-butylene is highly resistant to 
strong acids and alkalis, particularly at 
ordinary room temperature. At elevated 
temperature, it would be carbonized by 
concentrated sulphuric acid and gradually 
decomposed by concentrated nitric acid. 


PLASTICS 61 


A remarkable degree of stability is shown 
towards oxygen or ozone. Broadly 
speaking, poly-iso-butylene does not 
react with sulphur, although, with 
sulphur monochloride in solution with 
chlorbenzene at 150 degrees C., a reaction 
will occur which is mainly recognizable 
by variation in solubility. 


Methods of Processing 


Poly-iso-butylene, over the whole range 
of higher molecular weights, is subject to 
that kind of deformation generally 
described as ‘‘ cold flow.’’ This can be 
overcome by the addition of certain types 
of filler, with a corresponding improve- 
ment. in mechanical values but with a 
decrease in elasticity. 

Dealing particularly with its processing, 


* it can be said that this follows the 


methods standardized in the _ rubber 
industry, provided due allowance is made 
for the necessary differences in tempera- 
ture. For instance, poly-iso-butylene, 


worked by itself without the addition of 
fillers, etc., can be most satisfactorily 


worked on the rolls at a temperature of 
round about 180-200 degrees C., and in 
moulding presses at temperatures of 
round about 170-190 degrees C. Either 
steam or electricity may be the heating 
medium. For pressure moulding, cooling 
must, of course, be completed before 
removing pressure. When working poly- 
iso-butylene in admixture with other pro- 
ducts, such as factice, aluminium, 
stearate, stearic acid, etc., the pressing 
temperature is not affected, i.e., pressing 
should take place, when in admixture, at 
much the same temperatures as when the 
poly-iso-butylene is worked by itself. 
Admixtures with products of the type 
indicated have the advantage of an 
increase in strength and _ permanent 
elongation, although the original elasticity 
is bound to suffer. 

As has already been mentioned, poly- 
iso-butylene can be heavily loaded with 
various types of filler, and it may be 
interesting to note the increased tensile 
strength which is obtained by the incor- 
poration of active carbon black. The 
effect is shown in the table overpage. 
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Permanent 
elongation 
in% 


Tensile 
strength 
kg./cm.2 


Elastic limit 
in % 





Pure poly-iso-butylene tested for 20 mins. at | 70°C. 
Poly-iso-butylene plus 10% active carbon black 
Poly-iso-butylene plus 25% active carbon black 


Poly-iso-butylene plus 50% active carbon black 


60 1,000 
85 900 
95 790 
105 730 





The comparable approximate values obtained with rubber would be:— 


Standard rubber mix without loading material 


Standard rubber mix with 50% active carbon black.. 


160 700 


330 500 














One of the most interesting advantages 
of poly-iso-butylene is its capacity for 
mixing with natura] or synthetic rubber 
in practically any proportion. Naturally, 
the higher the percentage of rubber which 
is incorporated, so proportionately would 
the processing temperatures of the mix be 
reduced. In this connection, it is 
important to remember that compara- 
tively high processing temperatures must 
be used when working compounds of 
poly-iso-butylene and rubber, and this 
can be illustrated by the following 
example of a poly-iso-butylene and rub- 
ber unloaded mix in the proportions of 
c Us 

Such a mixture, when rolled for 15 
minutes at 20 degrees C., would give a 
tensile strength of approximately 115 
kg. /cm.? and an elastic limit in per cent. 
of 950, whereas the same mix after 30 
minutes’ rolling would give figures of 80 
and 900 respectively. The same mix at 
60 degrees C. rolling temperature and at 
15 minutes’ rolling time would give figures 
of 140 and 900, whereas at 30 minutes’ 
rolling time the corresponding figures 
would be 110 and 920. Finally, at 100 
degrees C. rolling temperature, the figures 
would be, after 15 minutes, 140 and 930, 
and after 30 minutes, 130 and 940. 


Important Industrial Applications 


It will easily be understood that, 
amongst the many uses for this very 
interesting polymer is ranked very highly 
its value in admixture, for instance, with 
polythene, for the covering of high-tension 
cables. There are many other uses for 


which its outstanding properties have 
been proved pre-eminent, as, for instance, 
the proofing of fabrics, especially in those 
cases where its non-ageing properties, 
even under tropical conditions, are of 
importance. Another very interesting use 
is as an ingredient in cable oils, whereby 
the viscosity and also the electrical 
properties of such oils are substantially 
increased. 

It will be appreciated that the national 
emergency has, of necessity, imposed 
strict control on the use of poly-iso-buty- 
lene, and, consequently, a number of 
additional developments which otherwise 
would undoubtedly by this time have 
reached a commercial stage, have had to 
be held up until more favourable condi- 
tions arise. 

Due acknowledgment is made for much 
of the foregoing to. the Standard Oil 
Development Co., of New Jersey, whose 
poly-iso-butylene, known in America as 
“* Vistanex,’’ is distributed in the British 
Isles exclusively by F. A. Hughes and 
Co., Ltd., Abbey House, Baker Street, 
N.W.1, under their registered trade mark 
“* Tsolene.’’ 


PRODUCTION BULLETIN 

The January-February, 1943, issue of this 
bulletin published by the Ministry of Labour 
contains many interesting and_ useful 
industrial notes, including ‘‘ Etching Details 
on Gauges ’’—a Practical Method of Photo- 
Engraving for Use in any Toolroom,”’ and 
‘* Factory Heating and Ventilating,’’ which 
describes many of the methods adopted by 


.the Government and industry for improving 


working conditions. 
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HIS picture is designed neither to conjure up . 


pleasant memories, nor cause a pang of disap- 
pointment at the necessary control measures “now 
in operation. Restriction in choice of commo- 
dities, though fairly widespread, need not worry the 
manufacturer seeking plastic materials for essential 
work. From the wide range offered by I.C.I. 
(Plastics) Ltd. he can pick and choose products 
suitable for the work in hand. Behind them is a 
complete technical service freely available to help 
in the solution of any problems that may be met. 





I.C.1. (PLASTICS) LTD. 


(A SUBSIDIARY COMPANY OF IMFERIAL CHEMICAL INDUSTRIES LTD.) 


Sales offices at Mill Hill, London, N.W.17; Oldbury, near Birmingham; Alderlev Edge, C. heshire; Bristol; York; 


Newcastle-on-Tyne; Glasgow; Belfast; Dublin. 
P.ne 
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Electro-plating on 
Non-conducting Materials 


Sagara - PLATING non-conducting 
materials, such as plastics, wood, 
cardboard, insulating paints and var- 
nishes and hard rubber, has attracted 
some interest lately as a possible method 
of conserving metals. Furthermore, a 
plated dielectric may in some circum- 
stances be more suitable than a solid 
metallic piece, for it may happen that the 
electrical or physical characteristics of 
metal are only required at the surface of 
the object in question. Then, again, 
lightness may be a consideration. 
Electro-plating on a graphite film has 
been the subject of experiments for some 
time, but certain difficulties have intruded 
themselves. E. G. Acheson, Ltd., the 
manufacturers of ‘‘ dag’’ colloidal gra- 
phite in various dispersions, have investi- 
gated graphite films in a systematic way 
for many years. They have determined 


the physical, chemical and electrical pro- 
perties of coatings formed on various 
bases with their colloidal graphite and 
have dealt with properties as affecting 
electro-plating. 

A new technique, which represents a 
step towards the solution of the problem 


of electro-plating on non-conducting 
materials, has been approached in two 
ways. First of all, there is the production 
of a graphite film of maximum electrical 
conductivity and, secondly, there is the 
treatment of that film to render it as 
resistant to water as possible. 

The maximum conductivity of a gra- 
phite film depends to a large extent on 
the basal orientation of the flat graphite 
particles which compose the film or coat- 
ing. Thus, if the colloidal dispersion of 
graphite is applied to a relatively rough 
or porous material, the particles will not 
orientate effectively. The result is that 
the contact between one particle and 
another will not be sufficiently good to 
give high conductivity. This has been 
largely surmounted by applying a mate- 


rial to the rough or porous surface, which 
produces a smooth exterior. There are 
several ways of accomplishing this, one of 
which is the use of a mixture of potas- 
sium dichromate and gelatine. 


Formation of Graphite Film 


When potassium dichromate and gela- 
tine are mixed together in a solution of 
suitable strength and used to form a film, 
the latter will harden on exposure to light 
and heat. The film is said to be actiuic- - 
ally hardening. When this film has 
hardened, the gelatine being rendered 
water-insoluble in the presence of potas- 
sium dichromate and, by the action of 
light, the dispersion of colloidal graphite 
is applied to the smooth surface. 

By a suitable control over the size of 
graphite particles, different ranges of con- 
ductivity in the graphite coating can be 
obtained. If the latter is quite dry, it 
may be burnished to further improve the 
conductivity, and a value of the order of 
20 to 30 ohms./in. sq. may be obtained 
under ideal conditions. 

With regard to the moisture resistance 
of the coating formed by the above tech- 
nique, this may be surmounted by the 
application of a very thin film of a suit- 
able wax. The wax in question may be 
non-conducting but the use of a thin film 
on top of the graphite will be sufficient 
to waterproof the latter without appre- 
ciably affecting the conductivity normal 
to the surface. 

Plating by this means has been suc- 
cessfully carried out, and the technique 
can be varied to suit local conditions. 
Thus, copper-plating, nickel-plating, and 
other metals have been deposited on 
wood, plastics and cardboard. Certain 
precautions have to be observed, as, for 
example, the adequate waterproofing of 
the back and edges of the cardboard 
which are not covered by the graphite 
film. 
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PLASTICS IN ASSEMBLED 
BUILDING STRUCTURES 


IV.—Sub-structural Framing Members 
By G. FEJER 


W* assumed in the previous issue (see 
“‘ Plastics,’’ p. 20, January, 1943) 
that practically all the current systems of 


CONSTRUCTION 
TYPES 


BASIC 
VARIATIONS 

















prefabricated walls are based on the 
workshop assembly of elements such as:— 
1. Rigid sheets (flat or shaped). 
2. Insulating materials. 
3. Sub-structural framing members. 


We have dealt with the various aspects 
of plastics in providing the inside and 
outside sheeting of wall structures, as 
well as the insulating interlayers. The 
typical wall section of a prefabricated 
structure can be conceived as a multi- 
layer panel, and such panels must be 
sufficiently stiff to withstand transport, 
handling, as well as wind pressure and 
wear when in its final position. The 
manner in which the various prefabrica- 
tors have solved this problem of stiffening 
is probably the most divergent feature of 
the known systems. Moreover, it becomes 
obvious that there is much room for 
further development on completely new 
lines. 


Sub-structural Framing Members 


The basic possibilities of stiffening wall 
structures can be clearly seen in Fig. 1. 
This drawing merely illustrates the 
schematic variations in the allocating of 
sub-structural members, rather than 


Fig. 1.—The basic principle 
of stiffening wall structures 
divided into five groups. 


Note: The hatching with- 
in the sheets denotes 
insulating packing. 
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details of proprietary systems, as each 
basic possibility represents a number of 
systems. 

Studs or posts such as shown on 1 
are generally made of wood, metal, or 
reinforced concrete, the actual section 
varying accordingly. The second draw- 
ing shows the variation when the stiffen- 
ing bar (or stud) is incorporated between 
the rigid sheets. This is probably the 
most popular and the most obvious loca- 
tion for the supporting member, as the 
rigid sheets can be nailed, screwed or 
cemented to it, provided that the stud 
itself is made of solid or laminated wood. 
Alternatively, there are also steel and 
light metal bars which have nailing 
thimbles or nailing channels to receive the 
fixing nails or hammer-driven screws. 
The next sketch (3) represents another 
group of systems in which the rigid 
sheeting is supported by rectangular 
frames, so that every panel is an entirely 
enclosed framed unit. No. 4 represents 
the group of the so-called ‘‘ stressed 
skin’’ principle of wall structure, in 


which the framing members are firmly 


cemented to both the internal and exter- 
nal sheeting so that compressive and ten- 
sile stresses are largely taken up by the 
sheeting. The material for this type of 
prefabricated structures is generally resin- 
bonded plywood, a development origin- 
ally introduced and promoted by the 
Forest Products Laboratory (U.S.A.). It 
is interesting to note that the frame mem- 
bers can be as small as } in. by 1} ins. 
in section. 


Flexibility of the Scheme 

We can go even a step farther by 
reducing the size or even apparently 
eliminating the framing members by 
using rigid sheets in pan-shapet or box- 
like forms (5), as the rigia:.» of such 
units can be obtained by the uesign of 
the panels alone. So far most of the pre- 
fabrication systems based on such units 
have been made of metals, and a wide 
range of designs in channel-shaped, 
Z-shaped, L-shaped relatively thin-gauge 
rolled-steel components have been 
developed. 
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These five main possibilities of allocat- 
ing the framing members are apparently 
equally justified, although all of them 
have their inherent limitations. Every 
one of these principles has certain advan- 
tages compared with one another, as well 
as with more conventional structures, 
which makes them suitable for certain 
types of building. 


Plastics Possibilities 


From the point of view of plastics pos- 
sibilities, it is very tempting to think of 
the extrusion process as a suitable method 
of manufacturing rails, studs, joists and 
internal framing members in much the 
same way as the extrusion of aluminium 
alloys. For the time being, however, this 
possibility seems to be quite impractic- 
able, partly because there are no such 
high-capacity presses available capable of 
extruding sufficiently large sections; 
partly because of the inherent property of 
most of the plastics which come under 
consideration for the purpose. The 
flexural strength and impact resistance of 
wood or metals could be (theoretically) 
obtained in extruded thermo-hardening 
resins, if we had fibrous fillers which 
would satisfactorily reinforce the plastic 
as well as proving capable of passing the 
die of the extrusion machine. Although 
such fillers may be already known in 
laboratories, the immediate use of 
extruded thermosetting types in large 
sections seems somewhat doubtful. Certain 
grades of the newer cellulose derivatives 
may have the required quality as far as 
toughness and dimensional stability are 
concerned, but it is very likely that the 
initial cost of a material such as, say, 
cellulose acetate butyrate will remain 
fairly high to replace wood or metals. 
This may equally apply to most of the 
polymer resins. Quite apart from the 
cost question, the range of shapes which 
could be extruded in thermoplastics 
would certainly be limited to simple sec- 
tions, and their usefulness seems to lie 
more in the making of smaller profiles (of 
the order of, say, 1 in. to 2 ins. in sec- 
tion), and for applications where no great 
stresses will occur. 
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Plastics are, however, already being 
used extensively for making sub-struc- 
tural elements by using the resins as 
binders. Several prefabricators have 
adopted laminating techniques, and it is 
quite obvious that this tendency is likely 
to expand even further. The laminating 
techniques appear to be complementary 
to extrusion in the way that sections 
which would be too large for the con- 
tinuous method can be built up from 
resin-impregnated veneers of fabric. The 
building-up operation is, however, not 
convenient for narrow curvatures or small 
and intricately designed sections. By 
using the current experience in laminat- 
ing wood veneers and fabrics, it is quite 
within the reach of the prefabricators to 
make (or obtain) components such as 
studs, joists, posts, handrails, etc. The 
actual shapes of the sections in resin- 
bonded structures—if efficiently designed 
—are very different from the familiar 
steel sections. Hollow channels, rect- 
angular tubes, circular tubes and flat 
boxlike shapes are being designed in this 
new medium, and these are, in many 
respects, more versatile in building than 
the H, Z, T and similar rolled-steel sec- 
tions. The main advantage of the resin- 
bonded frame element is that it can be 
left unprotected and that it can be suffi- 
ciently attractive in appearance for build- 
ing uses. 


Columns, Beams, Trusses and Other 
Structural Elements 


Whilst the components outlined in the 
previous paragraph are of some struc- 
tural value, they can only be regarded as 
semi-structural members, whilst the 
elements which carry the load of 
the building may be termed purely struc- 
tural. Apparently the rdle of plastics in 
the making of such elements is limited to 
adhesives, impregnants and to similar 
secondary functions. The resin content 
of such resin-bonded wood elements is 
relatively small, and there is no technical 
or economic reason to use a high propor- 
tion, as this would increase the weight of 
the structure without increasing the 
mechanical strength to any important 


FEBRUARY, 1943 


extent, quite apart from economic con- 
siderations. 
Summing-up 

Reviewing this series of articles on the 
correlation of prefabrication and plastics, 
it has to be stated that the writer has only 
attempted to outline the directions in 
which further investigation is necessary. 
Many aspects of plastics, such as the 
partial use of plastics in roofing, flooring, 
etc., have not even been touched upon, 
and only the most obvious and immediate 
post-war possibilities have _ been 
described. The question arises, however, 
who (if anybody) should promote the 
research for the production and 
applicability of plastic components suit- 
able for the prefabrication of buildings? 
There can be no clean-cut reply on that 
point, as both the plastics industry and 
the prefabrication industry are new and 
heterogeneous industries and their cor- 
relation is largely unexplored, as there 
has been neither the time nor the neces- 
sity to organize this so far. 

It may be considered that the prefabri- 


cator is one of the new potential clients 
for plastic products and materials. He 
may require finished articles, as well as 
half-finished products, but may also 
undertake shaping, laminating and simi- 
lar workshop operations to cover his own 


requirements. Many of the plastic possi- 
bilities could not be exploited at all in 
the past in view of the existing difficulties 
of carrying stocks in a wide range of sizes 
and qualities, and because of the diffi- 
culty arising from the fact that plastics 
have to be understood by the men who 
apply them. In _ workshop-assembled 
structures, however, the prefabricato1 
may consider using certain purpose-made 
plastic components which fit exactly into 
his assembly scheme. 

A large proportion of the American pre- 
fabricators (approximately 200 com- 
panies) are already using plastics in the 
form of adhesives, sealing compounds 
and small moulded components, quite 
apart from resin-bonded plywood and 
paper boards. Some of the prefabricators 
in this country, although their number is 
smaller, have already started to experi- 
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ment with plastics, which is very wel- 
come, as the test period of building com- 
ponents must take years in certain cases, 
besides the laboratory tests. Problems of 
wear and tear, abrasion, working quali- 
ties, etc., must be tested under realistic 
conditions, and it is not too early, there- 
fore, to embark upon small-scale trials. 


The ‘‘ Flow ”’ Chart 


We can better visualize the correlation 
of the prefabrication and plastics indus- 
tries if we try to analyse the ‘possible 
‘“‘ flow ’’ of materials from their original 
or prime state into finished building com- 
ponents. In case of a moulded door 
handle, the sequence is relatively simple, 
as the resin passes through one single 
operation (say, compression moulding), 
after which it emerges as a finished 
designed component, ready for immediate 
use, except for certain minor finishing 
operations. If we consider all the avail- 
able plastic raw materials on the one 
hand, and a number of components used 
in the prefabricator’s workshop on the 
other, we still have to chart the inter- 


mediary stages and processes, which are 
so widely different, depending on the 


design and properties of the plastic 
chosen. On pages 68 and 69 the 
writer has attempted to draw up such a 
chart, tabulating (on the right) a number 
of building materials and components 
which can be further assembled into 
building structures. These items, of 
course, represent but a few of the possi- 
bilities, which have been tabulated more 
fully on these pages some time ago (pages 
180-181, June, 1942). 

The Raw Material.—The symbol for 
raw materials (on the left) is meant to 
represent plastics, all the natural and syn- 
thetic resins, condensation and polymeri- 
zation products and cellulose derivatives 
are all under the same heading. Although 
these products are in some cases the result 
of several manufacturing and chemical 
processes, they can be regarded as 
‘raw ’’ materials as far as the plastics 
manufacture and processing are con- 
cerned. 

The Plastic Manufacture.—The shape- 
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less raw material (moulding powders, 
granules, pulps, syrups and _ solvents) 
passes its first manufacturing and shap- 
ing treatment by manufacturing pro- 
cesses, seven of which are indicated on 
the chart. It will be noticed that some of 
the symbols represent a group of pro- 
cesses. In the case of ‘‘ Casting ’’ pro- 
cesses, it must be made clear that, 
besides casting and curing of, say, 
phenolic resin, the same symbol is meant 
to represent the casting of polymer- 
resins, and also the continuous casting of 
thermoplastic films. Admittedly, these 
three casting processes are different from 
each other in every respect, and this must 
be borne in mind when surveying the pro- 
ducts which derive from ‘‘ Casting Pro- 
cesses.’’ Flat sheets, films, finished 
articles and rods can be cast, but the 
plastic used is different in each case. 

Apart from this symbol, however, the 
other six methods indicated are self- 
explanatory. ‘‘ Mixing and Formula- 
tion ’’’ result in prime products such as 
industrial adhesives and other chemicals 
which go farther into specialized indus- 
tries, such as, say, the paint-making 
industries, or used in the making of 
laminated bodies. By ‘‘ Impregnation,’’ 
we understand ‘both the impregnating of 
veneers and other fibrous substances with 
thermosetting resins, and also. the 
impregnation by thermoplastics. Both 
these treatments result in impregnated 
flat sheets, whilst the impregnated 
veneers can be further used for the 
making of laminations. Certain varieties 
of the impregnated papers and fabrics go 
directly to the prefabricator as surface 
protective materials. “Slicing ’’ of 
cellulose derivatives (from blocks) 
results in a range of flat sheets, which, in 
their turn, can be. shaped by thermo- 
plastic processes into practically any 
desired form. 

The symbols ‘‘ Compression Mould- 
ing ’’ and ‘‘ Injection Moulding ’’ stand 
for the high-speed automatic processes, 
these repetitive methods being eminently 
suitable for smaller-sized building com- 
ponents of standard character. These 
processes, together with the casting possi- 
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tween MMbrication of Building Materials and the Plastics Industry. 
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bilities, result in designed and finished 
articles which do not require necessarily 
any shaping or finishing treatment after 
they have left the plastics factory. 

‘“ Extrusion ’’ moulding results in 
thermosetting as well as thermoplastic 
rods and tubes, which are also perfectly 
finished articles suitable for immediate 
use, but bending, shaping, machining 
operations can, if necessary, modify the 
original shape, if this is required by 
the prefabricator. 

It is interesting to note on the chart 
that the potentialities of the various tech- 
niques are inter-related, and also that 
most of the components can be produced 
by alternative plastic methods. It is 
likely that such operations as thermo- 
plastic shaping of sheets could be carried 
out by the prefabricators, to some extent, 
as far as minor adjustments in shape and 
sizes are concerned. This equally applies 
to the bending of thermoplastic tubes 
and rods. As the prefabricators’ assem- 
bly shops are, as a rule, equipped with 
modern wood-working machinery, some 
of the laminated products, such as shaped 
panels, could also be manufactured by 
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them, using either impregnated veneers 
dry adhesives or liquid resins. 

It can be concluded that the range o! 
plastics is rich in every respect. They 
can help the craftsmen as well as th« 
large-scale producer, and for the build 
ing trade the super-fast manufacturing 
methods and the slower individual pro- 
cesses are equally important. The resins 
which are already available for general 
use show a wide variety of characteristics, 
which, again, can be modified to endless 
variations by mixing them with non-plas- 
tic fillers and reinforcements. How far 
this tremendous range of technological 
possibilities will be exploited for post-war 
building depends, to some extent, on 
the ever-growing research work and 
development schemes which are now 
being promoted. 

Some of the problems of using plastics 
can and will be solved by architects and 
prefabricators. It must be remembered, 
however, that other contributory indus- 
tries will certainly offer them perfect tech- 
nical service (rather than technological 
problems) when the time comes for 
renewed building activity. 











PLASTICS IN 
DENTISTRY 


Following our recent 
announcement of the 
production by Imperial 
Chemical Industries 
Ltd. of a film illustra- 
ting the technique of 
processing acrylic resin, 
we have received from 
1.C.l. Ltd. the accom- 
panying photograph of 
dentures made with 
this material. 
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PLASTICS 





World’s Industry 
Employs Plastics 





CHEMICAL 


Use of soft rubber 
and _ _polyisobutylene 
for sealing storage 
tanks for organic sol- 
vents such as benzol, 
chlorinated hydro- 
carbons, etc., has not 
hitherto been con- 
sidered possible owing 
to the solvent action of the fluids upon 
them. It has been found, however, 
according to Heinrich (‘‘Chem. 
Apparatur,’’ 1942/29/2) that if the seal- 
ing layer be under constraint and thus pre- 
vented from swelling, its solubility is so far 
decreased as to render possible the use of 
the substances named as, say, intermedi- 
ate layers between two layers of resistant 
stoneware. The importance of maintain- 
ing the constraint is emphasized, and the 
use of steel-framed tanks is advised to 
prevent twisting or accidental distortion. 
Welding of hard rubber with polyvinyl- 
chloride, particularly for emergency 
repairs, is noted in ‘‘ Kunststoffe,’’ 
1942/32/289. The technique to be 
adopted resembles in every way that for 
plastics. Broken-off fragments from 
apparatus may be joined again in the 
same manner. The joint is stronger than 
the present material. Rubberized metal 
parts, the coating on which has become 
damaged, may similarly be restored, or 
part of the rubber may be removed and 
replaced by a polyvinylchloride patch 
fixed on with suitable adhesive. Joints 











in plastic and soft rubber are weaker 
than in the case of hard rubber. The 
use of polyisobutylene for analogous pur- 
poses is also described. Components and 
containers in Guttasyn (polyvinylchloride- 
base plastic) by Rost and Co. were 
exhibited in a recent exhibition in Berlin 


(‘‘ Kunststoffe,’’ 1942/32/231). This 
material is available in several grades, 
varying from hard to soft and rubber- 
like. Its resistance to chemical attack is 
good, but is somewhat influenced by the 
plasticizer present. It is moulded at 
150-160 degrees C. In use, working tem- 
peratures should not exceed 70 degrees C. 
Guttasyn may be used in fabric form for 
protective clothing in chemical and 
surgical work, and may be obtained in 
thread form for tying arteries. It is 
admirably adapted for military purposes: 
and is usable at temperatures as low as 
—40 degrees C. Filter cloths in synthetic 
fibre are discussed by Foulon in ‘‘ Chem. 
Apparatur,’’ 1942/29/116. Polyvinyl- 
chloride fibres of 3.75 denier are given a 
special final treatment to raise the 
chlorine content to 63 per cent. or more; 
high chemical resistivity is obtained in 
this way, and a life of six to ten times 
that of cotton and wool cloths is achieved. 
The cloths are fireproof, easy to clean, 
and do not swell if precipitates are 
removed from them by spraying with 
water under pressure. Shrinkage occurs, 
however, if they are heated above 80 
degrees C. The material will withstand 
24 hours’ treatment in aqua regia. 


AIRCRAFT 


Mechanical proper- 
ties of several trans- 
parent plastics (poly- 
methylmethacry late, 
polyvinylchloride, cel- 
lulose acetate and 
polystyrene) are ex- 
amined by Kiich in 
‘“ Luftfahrtforsch,”’ 
1942/19/111. Tests were carried out at_ 
20 degrees C. for long and short periods 
of stressing. Creep phenomena on pro- 
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longed loading, and plastic deformation 
with even light static loads, makes any 
determination of the elastic moduli diffi- 
cult. The acrylic resins and _ poly- 
styrenes exhibited brittleness with elonga- 
tion, as a rule, of only 4-5 per cent. at 
fracture. Tensile strengths, under the 
most favourable conditions, are about one 
third those of phenolic resins with textile 
laminations. Polystyrene was shown not 
to be very notch sensitive, but certain 
grades of the acrylic resins proved highly 
notch sensitive. In the case of prolonged 
stressing, the breaking load diminishes 
almost linearly according to the logarithm 
of the time of application of the load. 
The impact strength of the acrylics is 
about one quarter that of the laminated 
phenolics. 





MOTORS — 


Experience with 
plastic components in 
the Tropics are de- 





scribed in ‘‘ Autom. 
Techn. Z,’’ 1941/44/ 
317. Chief agency 
causing changes is 
absorbed water. 
Fibrous materials, 


protected against water may be used but 
tend to distort. Hard rubber is little 
affected up to a working temperature of 
70 degrees C. in humid atmospheres; soft 
rubber should be compounded specially 
to suit tropical conditions. Urea resin is, 
if correctly used, reasonably stable. 
Heavy-duty laminated bushes tend to 
swell, and due allowance must be made 
on clearances for this. Linseed-oil-base 
lacquer insulation tends to become tacky, 
but synthetic-resin insulation is not 
affected by tropical heat. Wooden parts 
cemented with synthetic resin glues show 
differential swelling along and at right- 
angles to the grain. Enclosed parts should 
be well ventilated. 

Resistance of nitrocellulose to low 
temperatures is considered by Remenhi- 
kova, abstracted in ‘‘Chem. Zbl.,’’ 1941 
(11)/112/3248. Covered steering wheels 
were found to suffer from a tendency to 
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crack in cold weather. Testing at tem 
peratures down to — 50 degrees C. showed 
this to be due to differential contractior 
between the iron wheel form and _ the 
cellulose cover. For temperatures as low 
as — 40 degrees C. the use of ethyl] cellu- 
lose is recommended, as it possesses even 
at this degree of cold reasonable impact ~ 
strength, elastic modulus increasing 
slightly with decreasing temperature. 





CLIP 
GENERAL ENGINEERING 


Lubrication of plastic 
bearings is examined 
by  SBeuerlein and 
Kuckhoff in ‘‘ Mas- 
chinenbau / Betrieb,’’ 
1941/20/531. Soap- 
base emulsions proved 
satisfactory on a wide 
range of heavy-duty 
Emulsified greases proved less 


loading. 
satisfactory, but, at the same time, gave 
working results, although swelling was 
somewhat more pronounced than with 


plain oils. Ordinary bearing clearances 
could be allowed. Accuracy of moulded 
and machined threads in plastics is 
debated by Mehdorn in reply to Weprek 
and Walter in ‘‘ Kunststoffe,’’ 1942/32/ 
290. Mehdorn supports the view that 
higher accuracy is obtainable by machin- 
ing, and examines the factors leading to 
inaccuracies in moulded threads. 


TEXTILES 


Textiles treated with 
urea - formaldehyde 





condensates, may, 
according to Besan- 
con, “Teintex, 
1942/7/17, some- 


times acquire a pro- 
nounced fishlike 
smell. This has been 
traced to methylamines, especially tri- 
methylamine, and arises as a result of the 
presence of ammonium salts, high con- 
densation temperatures, excess formalde- 
hyde and low acid concentration. 
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LECTRICAL 


Electroplating 
equipment in plastics 
is discussed by Niehus 
and Ruder in ‘‘ Mas- 
chinenbau / Betrieb,’’ 
1942 / 21 / 207. In- 
creased life, cleaner 
baths and better re- 
sistance to fumes and 
spray is claimed tor plastic components in 
the plating shop. The use of solid poly- 
vinylchloride is preferred to that of metal 
clad in this plastic, this latter system 
being claimed as unsuitable for general 
temperatures above about 60 degrees C. 
The use of welded exhaust ducts and fans 
in polyvinylchloride sheet 3 mm. thick is 
described; this equipment replaced other 
installations made in steel sheet. Mixers, 
sieves and stirrers have also been success- 
fully made in this plastic for electro-zinc 
and anodizing plants. 








Nylon-type foils for 
packaging are 
described in ‘“‘ Ver- 
packung,”’ 1941/16/ 
349. Under the trade 
names of Supron and 
Lyafol, the material 
is supplied in rolls 
55 cm. wide and in 
thickness 0.035 to 0.1 mm. Plain, 
coloured and matt finishes are available. 
The foils are stable against most common 
reagents, but not to aliphatic alcohols or 
phenols. They are proof against moulds 
and termites. At a relative humidity of 
90 per cent. water absorption reaches a 
maximum of about 8 per cent. This 
figure is somewhat higher than that for 
specially treated regenerated cellulose. 
The foil is suggested as useful for packag- 
ing boot polishes and as seals for volatile 
lacquers, etc. Use of polymerisates as 
intermediate layers in safety glass is dealt 
with by Krezil in ‘‘ Kolloid. Z.’’ 1942/ 
98/117; 376. The development and pro- 
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perties of the cellulose-nitrate intermediate 
film is discussed, the author then passing 
on to the varying anti-shatter character- 
istics of the numerous available poly- 
merisates. Derivatives of polyvinyl 
alcohol are particularly dealt with. Use 
of synthetic wool for fishing nets is 
described by Brandt in “‘Zellwolle, 
Kunstseide, Seide,’’ 1941 /46/401. In the 
untreated state, this synthetic swells and 
loses its strength after long immersion in 
water. By impregnation with a urea- 
formaldehyde resin (Kaurit K.F.) the 
penetration of water and of harmful micro- 
organisms is _ prevented. Moulding 
powder manufacturers in Germany 
specializing in production of powders 
for standardized plastics are listed in 
‘* Kunststoffe,’’ 1942/32/224; the list is 
classified and in tabulated form. Speeial 
attention is directed to those concerns 
manufacturing moulding powders for the 
electrical trades and for household 
vessels. Manufacturers of standardized 
plastics in Germany are listed in 
“* Kunststoffe,’’ 1942/32/277. The list 
runs to eight pages and contains some 400 
names. Types of plastics in which each 
concern. specializes are tabulated. 
Coagulation of viscose solutions is the 
subject of research by G. Centola reported 
in ‘‘ Boll. Sci. Fac. Chim. Ind.,’’ 1941, 
p. 7. It is concluded that in xanthogenate 
solution, the cellulose is not present in 
macro-molecular form. The author dis- 
cusses the ageing of such solutions and 
considers the effect of different carbon- 
disulphide concentrations on their 
behaviour. Impact strength of cellulose 
nitrate and cellulose acetate is dealt with 
by Meissejev in ‘‘Sawodskaya Labora- 
toria,’’ 1940/9/1164. It is pointed out 
that the dynamometer and rolling experi- 
ments do not give true indications of the 
formability of the materials. A technique 
developed for ‘‘Triplex’’ glass was, 
therefore, adopted. On to a_ sheet 
2.50mm. by 250mm. a heavy metal ball, 
800 gm. in weight, is allowed to fall from 
a height of one metre. Impact strength 
of cellulose nitrate is shown to be 2-3 times 
that of the acetate. 
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Polyvinylidene 
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Chloride 


as a Moisture-proof Film Material 


Although this new type of sheet is still 
in the experimental stage, the prelim- 
inary examinations described herein 
give adequate promise of its future 


ogee applications of thin sheet 
or film materials possessing good pro- 
perties of ‘‘ moisture-proofness,’’ that is, 
high degree of impermeability to water 
vapour, have been described in previous 
articles in ‘‘ Plastics’’ (vide, issues Janu- 
ary to May inc., 1942). Such materials 
are invaluable for diverse purposes rang- 
ing from simple wrappings to moisture- 
proof membranes and windows in elec- 
trical instruments. Invariably, other 
properties of the material chosen are 
important, e.g., strength, manipulability, 
stability under service conditions, cost, 
etc., and, despite the availability of a 
number of products from which selection 
can be made, rarely is the ideal in all 
characteristics possible. Consequently, 
technicians are always on the alert for 
possible new materials and are keenly 
interested in the properties of such pro- 
ducts that do appear on the market. One 
of these is polyvinylidene chloride, a syn- 
thetic plastic that has been available in 
America for a couple of years under the 
trade designation of ‘‘ Saran,’’ a product 
of The Dow Chemical Co. Although 
‘“Saran’’ is available in the form of tube, 
extruded filament and moulding powder 
in this country from R. W. Greeff and 
Co., the film is only in the experimental 
stage and is not yet commercially avail- 
able. Nevertheless, a sample of thin sheet 
has been obtained for examination 
through the help of the Editor of 
“* Plastics.’’ It is claimed that the sheet 
(nominal thickness 0.001 in.) possesses 
moisture-proofing properties at least five 
times as good as those of any organic film 
previously known commercially; it is in 
this direction, for the reasons given 


By E. E. HALLS 


above, that chief attention has so far been 
given to the available samples. 

Chemicaliy, polyvinylidene chloride is 
the polymer of unsymmetrical dichlor- 
ethylene, CH,=CCl,. By suitably choos- 
ing copolymerizing agents, products 
ranging from soft and flexible to hard and 
rigid, and with softening points within 
the range 70 to 180 degrees C. are pos- 
sible. The general .directions in which 
these materials have been exploited in 
America, together with much information 
upon their properties, were given in the 
January, 1942, issue of Plastics, p. 249. 
The material examined for the informa- 
tion presented in this article was, as 
already stated, in the form of 0.001-in. 
film. It was clear, transparent, with a 
faint, but very perceptible, reddish-blue 
colour tinge. 


Physical and Mechanical Properties 

X-ray examination showed this film to 
be in the crystalline condition and not 
amorphous, as are many plastic films. The 
crystallinity as shown by the X-ray 
photograph would be termed “fibre 
structure with orientation ’’ similar to that 
exhibited by a cold-worked metal. Inci- 
dentally, polythene film reveals a closely 
similar appearance under X-ray examina- 
tion. From this, it is to be anticipated 
that the physical and mechanical proper- 
ties of polyvinylidene-chloride film will 
be directional, for example, a high tensile 
strength in the direction of the crystal 
grain, a lower value in the cross direction. 
The sampie, however, exhibited no par- 
ticular weakness in one direction and its 


-mechanical strength was of very high 


order. Bursting strength values were of 
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the order of 50 lb./sq. in. (Ashcroft 
tester), which value approaches twice that 
given by the moisture-proof regenerated 





TEST SPECIMEN 
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Fig. 1.—Assembly for water vapour 
permeability tests. 


cellulose films, this latter group being 
accepted as of high bursting strength. 
Since this polyvinylidene-chloride plas- 
tic material in thin film is claimed to have 
good moisture-proofing properties with 
respect to penetration by moisture vapour, 
its obvious field is primarily that of a 


Table 1.—Moisture Permeability Test Results. 


PLASTICS 75 


wrapping material, similar to that catered 
for by moisture-proof regenerated cellu- 
lose of the ‘‘ Cellophane ’”’ variety and the 
rubber hydro-chloride plastic Pliofilm. 
Tests made on small samples of the 
nominal 0.001-in.-thick material confirm 
its excellent moisture-proofing properties. 
Test results are given in Table 1, in 
which are included a number of other 
materials for easy comparison. Tests were 
made by sealing the specimen over a brass 
cup containing water, using a moisture- 
proof sealing compound. This set-up is 
shown diagrammatically in Fig. 1. 
The assemblage was weighed initially and 
at intervals during exposure to a dry 
atmosphere in a desiccator containing 
calcium chloride as drying agent. The 
approximate area of specimen exposed 
and through which water vapour couid 
pass was 1 sq. in. The specimen was; 
therefore, submitted to conditions of 
100 per cent. humidity gradient, 100 per 
cent. humidity within the cup, 0 per cent. 
in the outside atmosphere, at laboratory 
temperature. The results given in the 
Table are expressed in terms of milli- 
grams of moisture vapour passing through 
an area of 1 sq. in. of the film under these 
conditions. 

Sample No. 1 was a blank test using a 7 
per cent. magnesium-aluminium-alloy test- 
piece assembled with the same sealing com- 
pound in a similar manner to the actual 


Values Expressed in Terms of Milligrams 


of Water Vapour Passing Through Specimen 1 sq. in. in Area, 100 per cent. Humidity 
Gradient at Laboratory Temperature. 











Sides igh Bg oo of exposure 
Sample P hickness to % humidity gradient 
No. Material inches Z 
| 2 4 7 
| Blank tes:, aluminium 7% magnesium 0.003 Nil Nil Nil Nil 
alloy test-piece .. < «e 
2 Polyvinylidene-chloride film .. 0.0014 Nil Nil Nil Nil 
3 Pliofilm (rubber hydrochloride film) 0.0010 § 9 19 33 
4 Moisture - proofed regenerated 0.0010 20 40 75 145 
cellulose film . xe 
5 Cellulose-acetate film 0.0020 168 300 606 1040 
6 Polythene film 0.0025 0.7 1.5 2.5 5.0 
7 Waxed parchment paper 0.0011 125 250 500 895 
8 ‘* Hydrated” paper 0.001 440 975 1800 3000 
9 Regenerated cellulose film 0.001 750 1480 3000 - 





























76 PLASTICS 


samples. This just served as a check on 
the sealing compound and ensured that 
no experimental errors entered from 
changes in weight other than loss of 
moisture through the test specimens. 

Sample No. 2 was the polyvinylidene- 
chloride film which showed no loss in 
weight, demonstrating it to be virtually 
100 per cent. moisture proof. 

Sample No. 3 consisted of Pliofilm, 
which is already known to be exceedingly 
good and which is confirmed by the very 
low test figures. 

Sample No. 4 comprised moisture-proof 
regenerated cellulose film, which, again, 
is generally acknowledged good moisture- 
proof material. The figures again show 
that this material is good, although not so 
high in quality in this respect as the 
Pliofilm. 

Sample No. 5 consisted of cellulose-ace- 
tate film, a much-used wrapping material, 
but one which is generally known to have 
only poor moisture-proofing properties. 
The figures show a marked contrast 
between this material and the other three 
materials. 

Sample No. 6 was polythene film, which 
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Figs. 2 and 3.—Moisture permeability tests on various materials. 
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is now becoming available, not yet as a 
wrapping material, but more as an elec- 
trical insulating film. Its low values for 
moisture penetration are noteworthy. 

The remaining three materials are given 
more for comparison. No. 7 was an 
ordinary thin, waxed parchment paper, 
as used for moisture-proof wrapping, but 
it will be noted that it is not appreciably 
moisture proofing. No. 8 was a thin 
wrapping paper of the ‘‘ hydrated ’’ paper 
type, having no claims to moisture-proof- 
ing value, this being well established by 
the high test figures. No. 9 is an ordinary 
regenerated cellulose film, not moisture 
proofed, again showing in contrast to the 
other materials. 

For more easy visualization of the 
moisture-proofness values, they are repro- 
duced graphically in Figs. 2 and 3. 

These test results, therefore, establish 
that the new polyvinylidene-chloride film 
is a very good moisture-proofing medium, 
and more highly moisture proof than any 
other of the synthetic plastic film 
materials. Up to date very little of this 
film has been seen in this country 
and, therefore, there has been little scope 
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In Fig. 2 the values for 


polyvinylidene chloride and polythene are too close to the zero line to be shown. 
Fig. 3 shows the graphs “ expanded ”’ to differentiate between them. 
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Table 2.—Effect of Continuous Water Immersion at Laboratory Temperature upon Various 
Plastic Film Materials as shown by Dimensional and Weight Changes. 











Total change, cent. 
Sample Material Thickness, out pe mitre nn 

No. inches days Length Width |Thickness| Weight 

2 Polyvinylidene chloride wa “ 0.0014 4 Nil Nil Nil Nil 
7 Nil Nil Nil + 0.20 
30 Nil Nil Nil + 0.80 

5 Cellulose-acetate film .. we es 0.0020 | + 1.0 + 0.7 -— 4.0 + 2.8 
‘ 7 + 1.5 + 1.0 + 8.0 + 3.4 

30 +0.5 - 0.5 — 8.0 + 1.6 
6 Polythene film .. és + « 0.0025 1 Nil Nil + 2.0 + 0.03 
7 Nil Nil + 2.0 + 0.05 
30 +0.5 Nil + 2.0 + 0.11 


























for assessing its properties in other direc- 
tions. However, some work has been done 
on ageing by subjecting it to relatively 
mild tests. These tests have included the 
following :— 

(a) Total immersion in water at ordinary 
temperatures. 

(b) Exposure to dry heat continuously 
at 60 degrees C. 

(c) A combination of moist and warm 
conditions by exposure in an atmosphere 
to a temperature of 55-60 degrees C. with 
70-75 per cent. humidity during the day, 
cooling off to atmospheric temperature at 
night, with a rise to 100 per cent. 
humidity and moisture condensation. 
These conditions are secured in a closed 
cabinet fitted with electrical heaters con- 
trolled by external variable resistances, 
trays of water in the base and a slow- 
moving fan to provide uniformity. 

The response of the specimens to these 
conditions was checked by periodic 
dimensional measurements in _ length, 
breadth and thickness. For comparison 


with the polyvinylidene-chloride “film, 
specimens of a_ high-grade cellulose- 
acetate fiim and of polythene film were 
included in all tests. 

The results of the respective tests 
extended over a period of 30 days are 
shown in Tables 2, 3 and 4. These 
are briefly discussed below. 

Table 2 gives the water-immersion 
values. From these, it is seen that the 
polyvinylidene-chloride material is dimen- 
sionally unaffected and that water absorp- 
tion by weight is nil in the standard period 
of 24 hours, and less than 1 per cent. in 
the full 30 days. The cellulose-acetate 
material behaves erratically. It increases 
appreciably in length and width during 
the first week, the expansion being 
approximately the same in the two direc- 
tions; in thickness, it first shrinks.and then 
expands markedly, although it must be 
borne in mind that the percentage changes 
only represent small measurements on the 
0.002-in. thickness. After the first week, 
there is a marked shrinkage in all dimen- 


Table 3.—Effect of Continuous Dry Heat at 60°C. upon Various Plastic Film Materials as 
shown by Dimensional and Weight Changes. 











Test Total change, per cent. 
. + Material be — a ; : 

ays Length Width Thickness Weight 

2 Polyvinylidene chloride 0.0014 4 — 2.0 2.0 + 7.1 — 2.3 
7 — 2.0 2.0 + 7.1 — 3.0 

30 — 2.0 — 4.0 + 7.1 — 2.2 

‘5 Cellulose acetate film .. 0.0020 u 0.3 Nil Nil - 0.2 
7 — 0.5 5 Nil 0.4 

® 30 — 0.5 — 0.7 Nil — 0.4 
6 Polythene film .. i 0.0025 | 0.5 Nil + 2.0 — 0.03 
7 0.5 Nil Nil — 0.10 
30 - 0.5 Nil + 2.0 0.20 
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Table 4.—Effect of Fluctuating Temperature and Humidity Conditions upon Various Film 
Materials as shown by Dimensional and Weight Changes. 



































Sample ia Thickness, Bs... Total change, per cent. 

ag omnes days Length | Width Thickness | Weight 
2 Polyvinylidene chloride 0.0014 4 — 0.5 — 0.5 “Nil — 0.20 
7 — 1.0 — 1.0 Nil — 0.60 
30 — 2.0 — 2.0 Nil — 0.10 

5 Cellulose-acetate film 0.0020 u Nil Nil — 5.0 + 1.0 

7 — 0.5 - 0.5 Nil — 0.4 

30 — 1.0 — 0.7 Nil — 0.8 

6 Polythene film 0.0025 u Nil Nil + 2.0 — 0.05 
7 — 0.5 Nil Nil — 0.08 
30 — 1.0 Nil + 2.0 — O15 

sions. These irregularities in behaviour dence of lateral directional properties, or 


are largely a function of the plasticizer, 
and its removal upon extended immer- 
sion. The weight changes reflect similar 
movements, an initial large gain, which 
becomes smaller due to loss of plasticizer. 
With regard to the polythene, a small 
absorption is revealed by the low increases 
in weight and by the swelling in thickness, 
otherwise changes are negligible. 

Table 3 gives the heat-test results. 
With the polyvinylidene-chloride film, 
the bulk of the effect occurs in the first 
few days. This is shown by a relatively 
high loss in weight, shrinkage in the major 
dimensions of length and breadth and 
swelling in thickness. The width dimen- 
sion shows further shrinkage in the full 
period, but generally there is little evi- 


of change after the initial major move- 
ment. The acetate film shows regular but 
smaller losses in all the factors, except 
thickness, which is unchanged. In the 
case of polythene, the superficial 
dimensional changes represent a shrinkage 
and are small, but all in the one direction; 
in thickness, the movement is towards 
swelling. These changes all occur during 
the first day, after which stability is 
reached. Weight losses are small. 

The results of the combined wet and 
dry, warm and cool test, given in Table 


4, indicate that heat is the determin- 
ing factor in causing dimensional 
changes in polyvinylidene chloride. 


Gradual shrinkage in superficial dimen- 
sions occurs, culminating in 2 per cent. 
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Write for a copy of the “Compo 
H”’ brochure, which gives more 
detailed information of the 
composition and application of 
these bearings. If you have a 
problem concerning remote or 
inaccess- 
ible bear- 
ings our 
Service 
Depart- 
ment can 
| probably 

help you. 
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ADVAMAGES 
COMPO H 


OIL-RETAINING BRONZE BEARINGS 


SAVING IN MATERIAL. Compo Bearings are die- 
pressed to finished di i No scrap metal 








from machining. 


SAVING IN TIME. No machinery is necessary. 
Compo Bearings are finished with a mirror surface. 


SAVING IN MACHINE TOOLS. The high quality 
finish of die-pressed Bearings eliminates the use of 
lathes and equipment, releasingthem for otherwork, 


SAVING IN INSTALLATION COSTS. Our 
hi meth A hk 





recommended low cost y 
of the installation costs of ordinary bearings. 





SAVING IN SERVICE COST. The excellent wear 
characteristics of the metal composition of Compo 
Bearings ensure trouble-free operation and very 
long life. 


Compo H Bearings are die-pressed rom true alloy bronze powders. 
The oil is impregnated into the bearing and the porous structure 
takes up to 30 per cent. by volume of lubricant. An oil film is maintained 
by capillary attraction and metal-to-metal contact is prevented. 


OIL- RETAINING BEARINGS 


BRITISH BOUND BROOK BEARING CO. PROPRIETORS ~ HARDY SPICER & CO.,LTD.) 
BIRCH ROAD, 





WITTON, BIRMINGHAM A BIAFIELD COMPANY 
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VINYLIDENE CHLORIDE 
—— —— 5 CELLULOSE ACETA?= 
—_——— -6 POLYTHENE 
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decrease in both directions at the end of 
the period, this value being of similar 
order to that obtained under the dry-heat 
test. No movement in thickness occurs, 
and with regard to weight change, an 
initial decrease is followed by a partial 
regain. The latter is probably accounted 
for by the fluctuating test conditions, par- 
ticularly with respect to humidity. The 
cellulose-acetate film likewise showed a 
gradual shrinkage in length and breadth, 


10 
PERIOD OF EXPOSURE IN DAYS 


but to a lesser degree, the movement 
being approximately the same in the two 
directions. In thickness, an_initiai 
decrease was followed by recovery. In 
weight, an initial increase, probably due 
to surface absorption, settled down gradu- 
ally to a loss of medium high order. The 
polythene behaved in a manner closely the 
same as when under dry heat alone, that 
is, shrinkage in one surface direction, 
swelling with a small loss in weight. 


—— 2 POLY VINYLIDENE CHLO...0E 
———— 5 CELLULOSE ACETATE 
mona ene ¢ FULT ne 
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Table 5.—Comparative Strength Values of Thin Wrapping Materials shown by Average 
Bursting Strength Values (Ashcroft). 








Sampl> No. Material  — eee 

2 Polyvinylidene-chloride film 0.0014 50 

Pliofilm 0.0010 9 
a Moisture-proofed regenerated cellulose film 0.0010 33 
4a Moisture-proofed regenerated cellulose film 0.0017 36 
5 Cellulose-acetate film 0.002 45 
Sa ' Cellulose-acetate film 0.001 23 
7 Waxed paper 0.0011 13 
8 Hydrated paper 0.0010 9 
9 Regenerated cellulose film 0.0010 30 














To render these ageing-test data more 
readily appreciated at a glance, they are 
represented graphically in Figs. 4 to 6. 

Reviewing the ageing tests broadly, and 
considering polyvinylidene-chloride film 
first, this is a new available material hav- 
ing high moisture-proofing characteristics, 
stable under wet conditions. It shrinks 
appreciably under hot, dry conditions 
and, to a lesser degree, in hot, moist atmo- 
spheres. Cellulose-acetate film, although 
shrinking less under hot, dry conditions, 
has the disadvantages of expanding under 
wet conditions and of having no real 
moisture-proofing qualities. | Polythene, 
taking everything into consideration, is 
the most stable and is moisture proof. 
Peculiarly, it shows more evidence of sur- 
face directional properties under the 
ageing tests. It is not yet readily avail- 
able in thicknesses as low as 0.0025 in., 
and at present not at all in gauges down 
to 0.001 in. 

To demonstrate the high strength value 


of polyvinylidene-chloride film, in com- 
parison with the other wrapping materials 
mentioned, average bursting strength 
values are summarized in Table 5. 
Admittedly, little is known of poly- 
vinylidene film as yet in this country, and 
more knowledge of its performance under 
field trials is required before predicting its 
full fields in industry. However, it will un- 
doubtedly command attention as a general 
moisture-proof wrapping material if it can 
compete with Pliofilm and the moisture- 
proof regenerated cellulose films from the 
cost angle, and with respect to colour 
range, decorative printing, manipulability 


‘in automatic-wrapping machinery, etc. 


In engineering proper, its possibilities as 
a moisture-proof membrane for telephone 
capsules or, in thicker gauges, as window 
material for apparatus contained in 
hermetically sealed boxes, cabinets and 
cubicles, will be explored. In such 
applications, accelerated life tests or field 
trials will be conducted. 








Synthetic Rubber in U.S.A, 
The November issue of ‘‘ Industrial and Engineering Chemistry ’’ gives the following plans for production :— 





Neoprene .. ,000 tons per year 

Butyl rubber 132,000 tons per year 

una iia 705, ‘000 tons per year 

For the facture of butadi the following processes are scheduled :— 

|. From alcohol—Carbide and Carbon Chemical Corp. process 242,000 tons 
2. From butane (in natural gas) process by Phillips Petroleum Co. 50,000 tons 
3. From butane by Houdry process . ‘ 16,500 tons 
4. From butylene (cracking petroleum) by Standard Oil Company of New Jersey 283,000 tons 
= 5. High temperature cracking of gas and heavy oils ie 20,000 tons 
6. Combination of 4and 5 ‘ 93,400 tons 


Recommendations are also made for immediate conversion of. refinery plants to produce an additional 
100,000 tons of butadiene, and an alcohol plant for 100, 000, 000 gallons per year for further means to insure 


production of butadiene. 
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ARE YOU USING THE 


Monsanto Plasticizer 


MONSANTO 
Plasticizers 


FOR USE WITH 
VARIOUS RESINS 
AND PLASTICS 


most suited to your 
requirements ? 


Urea-Formaldehyde Resin 
Phenol-Formaldehyde Resin 
Polystyrene , 

Polyvinyl Acetals 

Polyvinyl Chloride 
Polyvinyl Acetate 


Damar 
Shellac 
Cellulose Acetoproprionate 


Synthetic Rubber x 
Chlorinated Rubber 
Ethyl! Cellulose 
Cellulose Acetobutyrate 
Cellulose Acetate 
Nitrocellulose 


























Tricresy! Phosphate 














xX 
Xx 
Xx 











Santicizer 8 











Santicizer 9 





Santicizer B-16 





Santicizer E-15 


























Santicizer M-17 





Dibuty! Phthalate 





Diethyl! Phthalate 





Dimethyl Phthalate 











Diphenyl! Phthalate 











Aroclors 











Dibutyl Sebacate 


















































kd denotes — of use 





* The use of plasticizers in synthetic rubbers is still in development 
stage. The kind of synthetic rubber and the use for which it is 
intended will govern theselection of theplasticizer. Theplasticizers 


denotes — of special value indicated have shown promising properties in test formulations. 





MONSANTO CHEMICALS LIMITED - RUABON - WREXHAM - DENBIGHSHIRE 


P.1106 
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PRODUCTION 
NEws 


MICRO-FILMS OF FOREIGN 
JOURNALS.—The Aslib Micro-Film Ser- 
vice, Science Library, South Kensington, 
provides micro-film copies of scientific 
journals from enemy and enemy-occupied 
countries. The 1942 issues of a large 
number of journals are now available in. this 
form. The charges are as follow :— 

(1) Positive microfilm: 2d. per double 
page, plus ls. 6d. service charge per journal 
(or part of a journal) ordered. 

(2) Paper enlargements: 1s. per page, 
plus 1s. service charge per journal (or part 
of a journal) ordered. 

The Rockefeller Foundation has 
generously placed at the disposal of the 
Royal Society a number of reading instru- 
ments, by means of which the films may be 
read comfortably like a book. 


BRITISH STANDARD ELECTRICAL 
GLOSSARY.—At the outbreak of war a 
revision of the B.S. Glossary of Terms used 
in Electrical Engineering had already been 
commenced, partly in connection with 
preparations by the British Standards 
Institution for the drafting of proposals for 
the revision of the International Vocabulary 
published by the International Electro- 
technical Commission. As the war _ pro- 
gressed, it was realized that international 
co-operation would be impossible for some 
time to come, and work on the I.E.C. 
Vocabulary was temporarily suspended. It 
was, however, felt that the revision of the 
British Standard Glossary should proceed, 
particularly as it was by this time out of 
print and the type had been lost by enemy 
action. There was also evidence of an 
increased demand for an authoritative 
manual of electrical nomenclature, in view 
of the considerable advances now being 
made in certain branches of electrical work 
and the increasing number of persons now 
engaged in activities in these directions. 
The progress of the revision has necessarily 
been somewhat slow, as all the experts 
co-operating in the work have been fully 
engaged on war work, but with the active 
support of the Electrical Research Associa- 
tion, it has now been found possible to 
reach a stage where publication of the 
revision in sections can begin. On the 
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Raw Materials, New Plant, Works 
Organization, Control Apparatus, 
Research, Personal and Trade Notes 


grounds of expediency under present con- 
ditions the main portion of the work will 
be issued in eight parts, as follow :— 
Part 1, Section 1, General terms. Part 2, 
Section 2, Machines and_ transformers. 
Part 3, Section 3, Switchgear and Section 4, 
Instruments. Part 4, Section 5, Transmis- 
sion and distribution. Part 5, Section 6, 
Electrochemistry and Section 7, Traction. 
Part 6, Section 8, Lighting and heating. 
Part 7, Section 9, Surge and lightning 
phenomena and Section 10, Electric lifts, 
electric welding, X-rays and electromedical 
terms. Part 8, Alphabetical index to all 
the sections. 

Each part will be published at 2s. Part 1 
is now ready. 

Copies of Part 1 (of B.S. 205) may be 
obtained from the Publications Department, 
British Standards Institution, 28, Victoria 
Street, London, S.W.1 (2s. net, post free). 
Orders for other parts may also now be 
placed. 


LECTURES ON PLASTICS. — Four 
popular lectures on ‘‘ Plastics’’ were 
delivered between January 15 and Febru- 
ary 5 by.Mr. R. Maitland at the Municipal 
College, County Borough of West Ham. 
They were extremely well attended by the 
general public and it is hoped to be able 
to repeat them and influence still greater 
contact with the new industry. 

The lectures in question and_ local 
interest in the subject has been fostered by 
the Education Committee of West Ham 
and particularly by Councillors Nicholls, 
Winchester and Stokes and Alderman 
Blaker. 


DIAMOND TOOLS.—Leading British 
manufacturers of industrial diamond tools 
have recently formed the Diamond Tools 
Advisory Centre. The Centre will be avail- 
able for free consultation by manufacturers 
interested in the uses and care of industrial 
diamond tools. These tools are playing an 
increasingly important part in the war 
drive, and are likely to play an even greater 
part in post-war reconstruction. They are, 
for example, necessary to the development 
of aircraft engines and the plastics industry. 

The Centre will maintain and promote 
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research and development in the industry, 
both during and after the war. <A very 
exceptional degree of accuracy and uni- 
formity of quality are necessary to secure 
the best results from the use of industrial 
diamond tools. One of the chief functions 
of the Centre will be to place the results of 
its members’ research work, conducted over 
many years, at the disposal of the buyer of 
industrial diamond tools. The address of 
the Centre is: The Diamond Tools Advisory 
Centre, 1, Old Burlington Street, London. 


SYNTHETIC RUBBER.—On February 
16, at 1.45 p.m., Dr. S. S, Pickles will read 
a paper entitled ‘‘ Rubber—Natural v. 
Synthetic ’’ at the Royal Society of Arts. 





PERSONAL 
After having completed, a mission in the 
United States for the Ministry of Supply, 
Dr. G. S. Whitby, who some time ago 
resigned the position of Director of the 
Chemical Research Laboratory, Teddington, 
has accepted the post of Professor of Rubber 
Chemistry at the University of Akron, 
Akron, Ohio. He has also been appointed 
as chairman of the Technical Advisory 
Committee of Polymer Corporation, Ltd., 
the Canadian Government agency charged 
with responsibility for the manufacture of 

synthetic rubber in Canada, 


Correspondence 


*“No. 697’ 

As a sequel to your admirable com- 
ments last month on the difficulty of 
telling the war story of the British Plastics 
Industry, it was most interesting to learn 
that the fighter pilot’s seat is on public 
show at the Royal Exchange in the 
“Paper at War’’ Exhibition. 

This opens up a hopeful prospect. So 
let’s suppress any possible petty jealousies ! 
Shortly, perhaps, we may even hear that 
the ‘‘ mysterious No. 69’’ is being shown, 
with other shock-resisting mouldings, in, 
say, Manchester’s ‘‘Cotton at War’’ 
Exhibition, which would surely include all 
the cellulose plastic war products. 

Thermosetting mouldings of general- 
purpose materials would have to wait for 
a ‘‘ Timber at War’’ display—unless the 
authorities could be persuaded to arrange 
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a ‘‘Coal at War’’ show, when we might 
see quite a substantial part of the story in 
one piece. 
Who was it said: ‘‘A rose by any 
Others. 7 G. C. S. Cooper, 
British Industrial Plastics, Ltd. 


“é No. 69 ” 

Cribbed from the ‘‘ Wops’’ indeed! 
What a faux pas you have made in the 
concluding paragraph of your editorial 
‘* Stories to Tell.”’ 

Nevertheless, the production story of this 
best seller, still on the Secret List, namely, 
the mysterious No. 69, is of absorbing 
interest. Hasten the day when we can, 
through the pages of your excellent publi- 
cation, unfold the story of the Plastics 
Industry ‘‘ Effort No. 1,’’ script and 
photography by this company, ably sup- 
ported by excellent contributions from 
others in the industry. 

F. T. FLETCHER, 
Sales Manager, 
De Li Rue Plastics, Ltd. 
[Epitor’s Note.—Touché, Mr. Fletcher, 
‘but it would surprise us greatly if you or 
anybody else could really prove that it 
was not Italian in origin. The attempt 
would be like the recent effort in the 
daily papers to discover the ‘‘ inventor ’’ 
of the white road lines. The ‘‘ Daily 

Express’’ found that the original 

inventor was British, Italian, American, 

French, German, Russian, Swiss and a 

coloured gentleman from Fiji. There is, 

we believe, an Italian patent dated 1936 

which bears directly on the ‘‘ 69 ’’ inven- 

tion. However, as you say—hasten the 
day!] 
The Carbide Tree 


Belatedly I have read your editorial in 
the April, 1942, ‘‘ Plastics.”’ 

Perhaps by this time many others have 
told you that an ‘‘ Acetylenbaum,’’ pre- 
sumably similar to your proposed 
‘‘carbide tree,’’ was prepared in 
Germany by one Dr. Nicodemus in 1936, 
and published by Verlag Chemie in 
Berlin. It is about 35 ins. by 25 ins., 
and shows about 150 substances. At the 
research department of du Pont at 
Arlington we have a copy framed and 
hanging in the library. 

ALAN F. RANDOLPH. 

New Jersey, U.S.A. 
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Resinoids and Other Plastics 


as Film Formers 


By B. J. BRAJNIKOFF, 


Consulting Electrical Engineer 


XVI.—Laminar Systems 


i enw study of the two-dimensional 
state of a substance in the form of 
films and adsorption layers formed at the 
boundary of two phases affords a new 
way to the exploration of the properties 
and the structure of molecules and to the 
understanding of numerous heterogeneous 
processes. 

Owing to the peculiarity of the 
physical and chemical characteristics of 
two-dimensional layers it has become 
possible to develop a number of quanti- 
tative methods, which, in spite of their 
simplicity, permit an adequate examina- 
tion of the molecular structure and many 
properties of a surface layer. The 
various researches concerned with the 
study of two-dimensional layers have so 
far been conducted with but a few well- 
known compounds. 


Physical and Chemical Properties of 
Surface Layers of High Molecular 
Compounds 

The substances of this group were 
usually obtained in the form of a true or 
colloidal solution and were then subjected 
to investigation in the shape of monolayer 
of this combination on the surface of some 
liquid, or as the adsorption layer, directly 
on the surface of solution. 

In this way has been examined a series 
of cellulose esters by Katz and Samvell,?0 
rubber by Keenan, and sevéral other 
compounds. Far less attention has been 
devoted to more complex high molecular 
weight products. For instance, the 
monolayers of a number of very 
important groups of the natural high 
molecular materials comprising cellulose, 
fibroin, collagen, etc., or the synthetic 
plastics, such as resins, and kindred pro- 
ducts have heretofore not been studied 
at all. 


As has recently been shown by 
Pchelin®3 and his colleagues, the investi- 
gation of the surface layers of gels 
(e.g., gelatine, agar-agar, etc.) is of 
great significance. This group of sub- 
stances has been exptored in detail by 
Pchelin, and most valuable results have 
been obtained by comparing the data of 
the organic chemistry with X-ray struc- 
tural analysis. To study the gels with 
success, resort was also made _ to 
colloidal and physico-chemical methods. 
Meanwhile, it appears, however, that this 
means is insufficient for a complete inter- 
pretation of the structure and _ the 
properties of the materials examined. 
Thus, the methods of organic chemistry 
and the X-ray analysis give no indications 
as to the true peculiarities in the struc- 
ture or in the arrangement of the mole- 
cules forming the surface layer of a 
product or the surface of the gel. 

Hence such surface layers of the 
molecules directly forming the boundary 
with another phase may be regarded in 
the same light as.the case of the two- 
dimensional state of the substances under 
consideration. These monolayers in 
natural products, in contradistinction to 
the artificially derived materials, have 
been created under natural conditions, 
and are organically bound up with the 
entire structure of a body. 

However, it should not be thought that 
molecular properties of the surface layer 
are always identical with the properties 
of the remaining mass of a substance. 
There is a considerable number of experi- 
mental facts confirming the difference 
between the peripheral lamine and the 
internal layers of high molecular 
materials. This follows from the very 
mechanism of the formation of the surface 
layer of a substance, which for the sur- 
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face layers of gels obtained in vitrio may, 
fundamentally, be represented in the 
following manner. The formation ot a 
large number of hard products proceeds 
gradually, starting from a solution of 
this substance or its constituent parts 
according to the scheme:— 

I lI Ili 
Solution —> Gel —> Xerogel. 
In the initial stage of the process, i.e., 

in the solution, there occurs the usual 
adsorption of the polar molecules at the 
phase boundary. Depending on _ the 
polarity of the second medium, with 
which the solution is in contact, there will 
take place in its surface adsorption layer 
the Langmuir orientation of molecules in 
the direction of the greatest thermo- 
dynamic stability of the system. Thus, 
if the solution is in contact with a fatty 
medium, or with air, then at the 
boundary line there will be found, mainly 
the non-polar ends of the molecules. 

In the formation of a gel and xerogel, 
the adsorption layer is fixed in the same 
form in which it still exists on the surface 
of the solution. If the second medium 
were non-polar, then a hard substance 
formed will have a hydrophobe surface. 
From the above it follows that the 
absence of sufficient information on the 
properties of surface layers of many high 
molecular materials precludes an under- 
standing of the mechanism of colloidal 
hehaviour and thereby impedes the 
development of many products. For 
example, until recently the surface of the 
gelatine—a typical hydrophilic colloid— 
was considered to be, with respect to its 
wetting properties, also hydrophilic. The 
baselessness of this opinion best of all is 
proved by the following elementary 
experiment. 

On placing on the surface of the 
maximum air-dry gelatine of a drop of 
water, the latter is not spread, but 
retains its spheroid shape, forming the 
edge angle of wetting greater than 
90 degrees. Moreover, a similar effect is 
obtained by putting the drop of water 
on the surface of solidified 10 per cent. 
gel of gelatine. On the example of 
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gelatine it is possible to show that the 
process of gelation of a surface layer sub 
stantially differs from the gelation in 
volume. This distinction is based upon a 


peculiar form taken up by surface mole- * 


cules and upon their special arrangement 
in comparison with the internally distri- 
buted molecules. It is necessary, 
therefore, to distinguish the  two- 
dimensional or ‘‘ surface gelation ’’ from 
that of the ‘‘ volumetric gelation ’’ of a 
body. 


‘ 


Mono- and Polymolecular Layers at the 
Phase Boundary 


In his introductory address at the ninth 
conference of the Colloid-Chemical Society 
in Germany in 1932, Ostwald! charac- 
terized the significance and place of the 
laminar systems in the general field of 
the science of colloids—‘‘ colloidics.’’ 
According to Ostwald, the laminar sys- 
tems comprise a wide class of the 
so-called deformed systems, the concept 
of which has also been introduced by this 
worker. 

In their extreme limits, the deformed 
systems include the uni-lateral and bi- 
lateral-dispersed systems, e.g., the finest 
films, membranes, mono- and polymole- 
cular layers are uni-lateral-dispersed sys- 
tems, and the finest filaments and fibres 
are bi-lateral-dispersed systems. 

Thus, according to the new Ostwald 
terminology, we may designate the uni- 
lateral-dispersed systems as laminar-dis- 
persed systems, and the __ bi-lateral- 
dispersed systems as the fibrillar-dis- 
persed systems. It is quite obvious that 
the tri-lateral-dispersed, or corpuscular 
systems, are the completely dispersed sys- 
tems in the proper sense of the term, 
whose true representatives are nothing 
else than colloidal particles—the micelles; 
so, too, in the final analysis, are molecules 
and atoms. 

From what has been said above it 
follows that the deformed systems and, 
in particular, the laminar systems, which 
form part of them, should possess vast 
potentialities on account of their being an 
intermediate link between the totally dis- 
persed systems, that is, colloids, on the 
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one hand, and the macro-systems, i.e., 
substances in mass, on the other. 

The significance of the study of laminar 
systems or of matter in the form of fine 
layers or films, is fundamentally 
important, since every liquid or solid 
body is limited by the boundary surface 
from the surrounding medium. This 
boundary surface, in the physical sense, 
may be regarded as the monomolecular 
or mono-atomic surface layer, in which 
take place such phenomena as adsorption 
and contact processes. The loci of the 
intersection of the surfaces give us the 
lines, and the loci of the intersection of 
lines form the points. In the physical 
sense, the lines may represent lines 
having the width of one molecule or 
atom, and the points separate molecules 
or atoms. These physical lines and 
points always play a vital rdle in an 
entire series of phenomena, viz., adsorp- 
tion and the heterogeneous catalysis, elec- 
tronic and thermoionic phenomena, etc. 

Turning now to the laminar systems or 
films, it is worth while noting their 
important rdle not only in the phenomena 
of the adsorption and heterogeneous cata- 
lysis, but also in a number of other 
phenomena, for instance, in the pro- 
cesses of the corrosion of metals and con- 
nected with them the problems of metal 
passivity, the formation of oxide and 
other protective films, the film theory of 
the corrosion, etc., the detailed informa- 
tion on which may be found in the able 
works of Kistiakowsky,2% Evans and 
others. The researches of Yoffe”? and 
his school have demonstrated how drastic 
is the variation in the properties of mat- 
ter. For example, in the form of the fine 
films the mechanical properties are 
greatly increased, approaching’ the 
theoretical strength of a given body. 
Furthermore, apart from mechanical 
strength characteristics in thin layers, 
the studies of Yoffe and other workers 
reveal also the ability of enormously 
increasing their disruptive strength as 
dielectrics, which thus opens up new 
prospects and possibilities in the tech- 
nology of the electrical insulating 
materials through utilizing very thin fine 
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lamine. This statement may be com- 
pared with the fact that Nature provides 
such an insulator as mica, the structure 
of which, according to Perrin, may be 
depicted as consisting of numerous mono- 
and polymolecular layers or plates, i.e., 
a typical laminar structure. The great 
role of laminar systems in the field of 
electrotechnics and in heterogeneous cata- 
lysis is very convincingly described by 
Ostwald.209 


Laminar Systems on Surfaces of 
Liquids 

Let us approach now a little more 
closely the problem of laminar systems, 
especially those films produced on the 
surface of liquids. The classical work in 
this realm has been performed by such 
pioneers as Rayleigh,”!9 Pockels*!! and 
Devaux.2!2, They have established that 
oil films (the vegetable and animal fats 
and oils) may readily be examined in 
molecular layers, and Rayleigh was the 
first to suggest that the method of spread- 
ing a drop over the surface of the liquid 
water can give a direct means for deter- 
mining the dimensions of the molecules. 
Devaux subsequently showed that not 
only fats and oils, but a series of other 
organic and inorganic compounds (e.g., 
copper sulphide, mercury and lead) may 
be obtained in layers of almost molecular 
thickness on the surface of water. 

However, the quantitative treatment 
connected with the properties of the thin- 
nest of organic films has been carried out 
first ‘by Langmuir,235 who, due to an 
ingenious device contrived by him in the 
research laboratories of the General Elec- 
tric Co., U.S.A., was enabled to measure 
the surface tension or the lateral pressure 
which is exerted by the film upon the 
surface of the liquid. 

After Langmuir’s experiments, a num- 
ber of investigators, viz., Harkins®4 and 
his co-workers, Perrin,245 Volmer,?6 
Frumkin2!7 and his school, Marcelin,?!8 
Rideal,?!9 and especially Adam”0 and his 
collaborators, have accomplished much 
in exploring the properties of films of 
organic substances. 

It should be emphasized that the 
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properties and the scope of the laminar 
systems have been quickly grasped in 
many scientific quarters, and the fact of 
convening as early as 1932 of two con- 
ferences (and repeated often since), and 
one in Mainz, ninth congress of the 
German Colloid-Chemical Society, exclu- 
sively devoted to laminar and fibrillar 
systems, and the other in Moscow, dedi- 
cated to surface phenomena—may serve 
as a measure of their significance. 


The Contraction of Gels in the 
Process of Film Formation 
The fundamental points of colloidal 
systems, including the syneresis thecry, 
so far as they relate to the technology of 
surface coatings, were already adequately 
covered in Section XV. It is important 
now to consider certain other aspects, 
which are of great practical value, 
namely, those of the volumetric reduc- 
tion of gels in the course of film forma- 
tion, and the permeability of films to 
liquids and gases. In this respect the 
gels of cellulose esters provide a highly 
interesting and instructive source for 
illuminating the entire problem. 


General Data 

The gels of cellulose esters, which 
belong to the class of the reversible 
lyophile colloids, may be derived either 
by the swelling of esters or by the coagu- 
lation of sols. The sols of the cellulose 
esters are obtained as a result of the pro- 
cess of peptization. The term of peptiza- 
tion signifies the adsorption by colloidal 
particles (or by the molecular chains, 
according to Mark) of solvation mole- 
cules or their complexes, imparting to the 
colloidal particles of a gel an electric 
charge sufficient for transforming them 
into a sol. It should also be noted that 
a peptizer possesses a chemical affinity for 
colloids, and in respect to cellulose this 
was indicated by the works of Mark and 
others. 

The term peptizer, more than the term 
solvation effect, corresponds to the notion 
of a component, promoting the conver- 
sion of gel into sols, since the course 
of solvation, i.e., during the formation 
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of the adsorption liquid envelope around 
the colloidal particles, there may be cases, 
when such a transformation of the gel into 
sol might be absent, as has been demon- 
strated by. Drinberg.”! Thus, for example, 
during the intermicellar (or in the 
“inter-chain ’’) swelling, the formation 
of solvated envelopes, although in the 
small degree, still takes place, yet the 
passing into the sol form does not occur. 

From the standpoint of dispersion, such 
a process cf penetration of dispersoid 
medium (solvator) into  inter-particle 
spaces should be regarded as the begin- 
ning of desaggregation. 

The reversibility of a colloid indicates 
that by both methods it is _ possible 
to obtain one and the same gel. The fol- 
lowing scheme of the cycle of the rever- 
sible processes shows this clearly :—, 


Coagulation > Xerogel 
A (film or dry ester) 
Vv 


Sol <— lyogel <— Swelling 

(Peptization) 

Indeed, in the same sense as peptiza- 
tion (stabilization) represents a process 
exactly opposite to coagulation, so the 
process reverse to that of swelling can be 
regarded, by analogy, as dehydration of 
hydrogels, as diminution of swelling, and 
in some instances also as syneresis. In 
swelling, the xerogel is transformed into 
the lyogel, while in the reverse process, 
which takes place during the drying of 
coating compositions (viz., varnish sys- 
tems, and the like), on the contrary, the 
lyogel is converted into a solid gell—the 
xerogel, resulting in the production of the 
film, rayon, and plastic masses. 

The aforesaid two ways of obtaining 
gels thus characterize the latter as a stage 
intermediate between the sol and the dry 
substance. Although xerogel during the 
subsequent swelling and_ peptization 
yields a sol, quite similar to the preced- 
ing, yet the xerogel proper, in its struc- 
ture and appearance, has very little in 
common with the dry original ester. In 
a gel, derived by means of swelling, as 
well as by coagulation (a special case of 
the latter is the concentration of sol by 
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evaporation), the cellulose ester is fre- 
quently found in the solvated state, i.e., in 
the adsorbed condition with the peptizer, 
densified around the colloidal particles 
(or molecular chains) in the form of a 
liquid ‘‘ solvated ’’ envelope. 

As is known, in the process of swelling 
of the cellulose esters, and particularly 
during a subsequent peptization, there 
takes place a certain reduction in the 
volume of the whole system or contrac- 
tion, that is, the volume of the derived 
gel is somewhat smaller than the sum 
total of the volume of the dispersion 
medium and ester. 

Katz, who investigated this pheno- 
menon in a number of colloids, has 
found that the reduction of volume in the 
course of swelling is expressible by 
rectangular hyperbolas. The reversibility 
of the processes indicates that during the 
drying (the diminution of swelling) and 
in the syneresis of the lyogels, the oppo- 
site process should be expected, i.e., the 
gels should expand. However, the actual 
versification of such a deduction is 
handicapped by the evaporation of the 
dispersion medium, that is, the change in 
concentration of the system, which 
accompanies these processes. 


Release of Heat During Swelling 


Clearly, by analogy with the above 
reasoning, it is possible to conclude that 
if during the swelling there is release of 
heat (a fact established by Katz and 
other workers for various colloids), then 
in the course of the drying (in the con- 
version of lyogel into the xerogel), 
absorption of heat will occur. Since the 
dispersion media always employed with 
the cellulose esters has a very high 
vapour pressure, the absorption of con- 
siderable quantities of heat for vaporiz- 
ing the media is probably augmented by 
heat absorption due to the process of the 
diminution of swelling. 

Mardles?3 has established that the 
reduction of the volume occurs the more, 
the greater the dissolving power of the 
peptizer, or the stronger the capacity of 
the dispersion medium for promoting the 
swelling. 
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The presence of highly volatile disper- 
sion media greatly hinders the investi- 
gation of the kinetics of drying (the 
decrease of swelling) and the syneresis of 
the organic gels of cellulose esters. It is, 
therefore, convenient to conduct deter- 
minations on the basis of the difference 
of weights between the initial gel and its 
weight at any given moment. 

Such a method was used by Kieb- 
venagel in his studies of diminution of 
swelling of acetylcellulose gels in the 
course of their air drying. This worker 
established that at first the liquid volatil- 
izes very rapidly, then the rate of the 
vaporization slows down, due to narrow- 
ing of the diffusion channels; however, 
a complete cessation of evaporation is 
observed only after an appreciable 
interval of time, which indicates the 
strength of the bond of the residual liquid 
with the cellulose esters. The curves 
derived for the alcohol gels were quite 
analogous to the performance curves of 
other hydrogels. 


The Process of Syneresis 


In order to distinguish between the 
phenomenon of the decrease of swelling 
and the process of synzresis, it is essen- 
tial to bear in mind the following cardinal 
points. 

The processes, which occur in 
syneresis of the reversible colloids, can- 
not be compared with those of inreversible 
systems. In particular, the mutual rela- 
tionship between the influence of gel con- 
centrations and the velocity of synzresis 
in reversible and irreversible colloids is 
diametrically opposite. 

Inrespective of the viewpoint adopted 
towards the actual mechanism of 
syneresis, both the desolvation (the 
liberation of the liquid from the gel) and 
the approach of colloidal particles under 
the action of attraction in all elastic gels, 
lead to contraction in volume, with the 
result that in the passing of lyogel into 
xerogel, the capillary interstices of the 
system are diminished. 

The elastic gels are also subject to a 
strong contraction in the process of ordin- 
ary drying. The reduction of the volume 
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during the drying was first observed on 
gels of gelatine attached to glass as thin 
layers. The force of contraction of coat- 
ing was so great that it was capable of 
tearing off fine fragments from the glass 
surface. 

The phenomenon of the contraction in 
volume on drying the coating composi- 
tions, viz., varnish systems, etc., plays 
a great part in industry. In certain cases 
this phenomenon may be considered as 
desirable; however, most frequently the 
results of the contraction are avoided. 
The negative effects of the contraction 
take place in the ‘‘ shrinkage ’’ of cine- 
matographic films, synthetic leather, and 
the like. On the other hand, the factor 
of contraction in the volume of the 
varnish gel upon its drying is utilized in 
the process of coating aeroplane wings 
with cellulose lacquers; with evaporation 
of solvent there occurs a strong reduction 
of the gel of this lacquer, and the fabric 
of the wings becomes taut. 

Menier?4 explains this phenomenon in 
terms of synzresis, although in the 
opinion of Drinberg*! this is simply the 
effect of the decreased swelling during the 
drying of the varnish gel, for the term 
syneresis signifies not merely the aggre- 
gation of particles under the influence 
of the attractive forces, or desolvation 
generally, but specifically a spontaneous 
course of these processes. The latter cir- 
cumstance, clearly, does not occur in the 
process of drying of varnish gels in the 
open space (“‘ artificial ’’ drying). 

It is, consequently, of vital moment 
to the technology of film-forming agents 
not to neglect the kinetics of the process 
of gel contraction during drying, as well 
as its behaviour under the influence of 
the principal physical and chemical 
factors, such as the concentration of gels, 
the dispersoid medium, and others. 

On the basis of the extensive data 
derived by Drinberg”! from his experi- 
ments on cellulose esters, it is possible 
to draw a general conclusion that the 
contraction of gels in the course of their 
drying, which characterizes the kinetics 
of the reduction of swelling, is a function 
of the degree of solvation and the vapour 
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pressure of gels; with the increase of the 
latter, the degree of contraction 
decreases. 


Gas Permeability of Colloidal Films 

The investigation of membranes is 
of fundamental importance to _ both 
scientific research and industrial practice. 
Thus, for example, it is precisely these 
data, obtained from the studies of the 
membranes and the processes of their 
inter-action with various liquids and solu- 
tions, that serve as the basis for formu- 
lating the theory of high molecular com- 
pounds, and for technically assessing 
different members and specimens of this 
series. 

However, the selection of the rational 
methods for the determining of mem- 
brane characteristics presents as yet con- 
siderable difficulties. The methods used 
by various workers are chiefly based on 
the reaction of the membrane substance 
to solution, in particular, to water. 

Omitting the details of these methods, 
which may be found in existing mono- 
graphs on the subject,” mention may be 
made of the following:— 

(a) Determination of the thickness of 
membrane. 

(b) Volume of pores. 

(c) Permeability to water. 

(d) Air-permeability. 

‘ (e) Swelling. 

(f) Velocities of the capillary rise of 
the liquid. : 

The foregoing methods afford the possi- 
bility of drawing deductions on fairly 
diverse features of membranes. Yet, in 
the field of applications (the problem of 
protective fabrics, the _ insulating 
properties of films, etc.), and from the 
theoretical standpoint, very often it is 
essential to possess information which 
would define the relation of membranes 
to gases and vapours. Hence the develop- 
ment of appropriate methods, which 
would yield accurate and reproducible 
results for examining the diffusion of 
vapours and gases through membranes, 
and for evaluating the sorption capacity 
and the velocity of its attainment. This 
should be considered as highly important. 
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Gas Permeability of Organic 
Membranes 
Notwithstanding the availability of a 
number of classical works on the diffu- 
sion of gases through a porous mem- 
brane,26 the study of the process of the 
gas penetration through the colloidal 
films received until recently very little 

attention. 

As is known, during the concurrent 
diffusion of two non-reacting gases 
through a porous partition the ratio of 
these gases passed through the porous 
membrane is inversely proportional to 
square roots of their respective densities. 
According to Bunisen,”6 the velocity of 
the gas flow through a porous membrane 
is also proportional to the difference of 
pressure on both sides of the membrane. 
However, the work of Hiifner?? had 
demonstrated that the regularities estab- 
lished by Graham’ were true only for 
porous partitions (e.g., porous gypsum, 
or artificial graphite) having very fine 
pores, which do not appreciably absorb 
gas, and through which no_ simple 
movement of gas takes place. 


Determination of tne Diffusion Coefficient 


For the evaluation of the coefficient of 
gas diffusion, K, by means of mercury 
diffusometers, it is convenient to use the 
following formula:— 

D (H + h) dV 
~ Q [0.737H +h] H ~ dt’ 

Here dV denotes the volume (in cub. 
cm.) of a gas, diffused through the 
examined film or membrane, during the 
interval of time, dt, in seconds. H sig- 
nifies the indications of the barometer in 
mm. of mercury, and h_ shows the 
excessive pressure (in the same units), 
under which the computation of the 
diffusion coefficient was carried out. The 
thickness of the film in cm., through 
which the transfusion has been con- 
ducted, is designated by D, and Q 
expresses the area of film in square cm. 

This formula is especially applicable to 
the cases of diffusion of a given gas 
through films into air and of the air into 
the space occupied by the gas. 

At this juncture it should be recalled 
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that the studies of Graham and 
Wroblewsky”® have revealed that during 
the diffusion of gases through films of 
lyophile colloids, for example, rubber, 
there occurs very strong absorption of gas 
by the membrane body. 

Further investigations of Walden? had 
established that in the colloidal films the 
gas penetration depends on the nature of 
the film, the internal friction of gas 
and the electrical characteristics of films 
at appreciable thicknesses. 

During the passage of gas through the 
rubber films, apart from the diffusion and 
absorption, there also takes place a direct 
flow of gas owing to certain properties of 
rubber. 

A heavy gas, such as carbon monoxide, 
transfuses considerably quicker than a 
lighter gas, such as hydrogen; this is 
explained by the different solubility of 
gas in rubber. It should be remarked 
that the absorption coefficient, i.e., the 
volumetric quantity of gas absorbed by 
cne volume of rubber at atmospheric 
pressure, for hydrogen, is 0.035. 

For the production of gas-impermeable 
films those lyophile colloids (as typified 
by natural and synthetic rubbers and 
resins, cellulose compounds, etc.) are 
used which possess a particularly great 
degree of solvation, the property that, in 
the opinion of Scheiber and Sendig,”*! not 
less than the chemical structure of the 
parent products, determines the tendency 
of colloids to form films. Additional 
details and sidelights on gas-proof films 
and the development of the technology 
of gas-impermeable fabrics and related 
products may be obtained from the 
selected sources appended in the reference 
list.282 

A noiable contribution to the know- 
ledge of the gas-permeability of various 
membrane-forming substances has been 
made by the researches of Drinberg® 
and his collaborators. They have 
examined the films of the native and syn- 
thetic rubbers, gelatine, casein, agar- 
agar, polymerized linseed and China tung 
oils, cellulose esters, sulphurized vegetable 
oils, resin films, proteins, and other 
numerous colloids. 








Experimental Part 

In experiments of this nature great dif- 
ficulty is encountered in the operation of 
producing uniform films or impregnated 
articles from the materials under the 
examination. First of all, it is necessary 
to ensure here the purity of the prepared 
solutions (the varnish ,compositions, 
impregnants, etc.). The most suitable 
operation for decontamination of solu- 
tions from various impurities is ultra- 
filtration under the pressure of the order 
of 5 to 20 atmospheres. The best way to 
carry out the filtration is through cotton 
wool interposed between a densely woven 
cotton fabric. The requisite pressure 
may be supplied, in the laboratory condi- 
tions, by an inert gas—for instance, car- 
bon dioxide. To produce films, it is con- 
venient to use a _ suitable laboratory 
coating apparatus (the filiére), such, for 
example, as described by Bianchi.34 In 
order to obviate the difficulties connected 
with the operation of detaching the film 
from the glass, the surface of the latter, 
prior to depositing the coating media, 
should be thoroughly polished with talc. 
The entire film-forming apparatus should 
be kept under the glass cover, since the 
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dust particles settling on the coating 
prevent the formation of a uniform sur- 
face on the film. 

The coating media prepared from the 
materials given below, by means of 
dissolving them in the mixtures of 
appropriate solvents, ensuring the norma! 
process of drying of films, after filtration, 
have been used for the production of 
membranes and impregnation of fabrics, 
which were then subjected to the 
examination for gas permeability. 

The film-forming agents under the 
investigation had the following charac- 
teristics: — 


(i) Synthetic. rubber: produced from 
alcohol by Lebedeff’s method; the poly- 
merization has been effected with the aid 
of sodium catalyst. 

(ii) Gelatine: ash content from 1.6 to 
2.1 per cent.; moisture content from 15 
to 18 per cent. 

(iii) Casein: moisture content 10.5 per 
cent., fat content 0.22 per cent.; the 
amount of ash 6.4 per cent.; acid number 
8; solubility in ammonia—complete. 

(iv) Linseed oil: polymerized; iodine 
number 3; acid number 5-6; specific 
gravity 0.9556; refractive index 1.4868. 


Table233 of the Fundamental Properties of Certain Films—Impregnations (Average Values). 








2. ©. 2 ° 4 > > : ce we + 
Seste|sorxs 35 =zais 15,.98 ofa 
geese lasses’ | 82 | ZEEE | 2SSst| 537 
Material E2o.o | Sauce hie £E*OS | @se5§ w85 
cout” | §oga—e 3 ag aoe =o 
o-an, efesec o¢ eS y 8 ouvo?as €e¢E 
a—5 Ssagr= boo eon S-Eae o5é 
g<8£e)°ES8s| F os Ef) oa 
5 3 = o = 
Percale (closely woven cotton fabric) = 540 8.5 42 70 
Gelatine (viscous) .. i ai 0.05 700 40.0 70 190 0.051 «10-5 
Viscose .. se se es of 0.1 — 32.0 30 — 0.102 « 10-6 
Casein ., a _ - se 0.2 800 20.0 : 80 266 0.204x 10-6 
Linseed oil (polymerized) .. ou 1.0 700 2.0 25 190 1.020 x 10—6 
Nitrocellulose (viscous) sbi dé r 2.0 1,000 1.7 10 230 2.040 x 10—# 
Nitrocellulose (of low viscosity) .. 5.5 _ _- — _ 5.410x 10-" 
Acetylcellulose. , ha ea sie 5.0 900 ve 50 250 5.405 10— 
Benzylcellulose os ‘i 53 10.0 800 8.4 20-51* 255 10.200x 10-6 
Rubber (vulcanized rubberized 
fabric) 20.0 1,060 6.0 24 203 20.400 x 10-5 
Rubber (synthetic, unvulcanized) .. 10-30 590 3.5 18 200 = 























* With 10% and 50% of tricresylphosphate. 
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(v) Benzyl cellulose: moisture content 
3.1 per cent.; ash content 0.59 per cent.; 
iodine number 1.15; the amount of com- 
bined sulphuric acid 0.16 per cent.; solu- 
bility in acetone 98.1 per cent.; the quan- 
tity of acetic acid 53.2 per cent.; viscosity 
(by Engler test) 1.7. 

(vi) Nitrocellulose, highly viscous; the 
viscosity (by Engler test) 4.6; solubility 
95.77 per cent.; ash content 0.28 per cent. 

(vii) Nitrocellulose, of low viscosity: 
the viscosity (by Engler test) 1.2; solu- 
bility 100 per cent.; ash content 0.22 per 
cent. 

(viii) Tricresylphosphate: boiling point 
342 degrees C.; specific gravity 1.185; 
refractive index 1.498; reaction—neutral. 

In the table (see previous page) are 
given the summarized data on the most 
important properties of the tested film- 
forming materials. The tabulated values 
indicate that the highest gas-permeability 
is possessed by rubber and the lowest is 
that of geiatine. High resistance to gas- 
permeation belong to the nitrocellulose 
films; far less resistance to gas penetra- 
tion is shown by films from synthetic 
unvulcanized rubber. The minimum 
hygroscopicity is demonstrated by the 
fabric coated with the nitrocellulose. 

“As would be expected, the greatest 
inflammability belongs to nitrocellulose, 
and the least to that of casein. With 
regard to the weight of impregnations, 
at which were obtained the tabulated 
figures of gas-permeability, the best per- 
formance was given by the gelatine and 
linseed oil, the rest of the compounds 
were in this respect rather heavy. 


Conclusions 

The critical analysis of the above 
experimental data enabled their authors 
to infer that there is a definite connection 
be‘ween the degree of lyophility (or 
hydrophilic property) and the gas- 
permeability. Thus, for instance, the 
most hydrophile of the investigated 
colloids—the photogelatine—displays the 
least gas-permeability; the latter increases 
with the dithinution of the hydrophilic 
properties of gelatine, and in colloids 
with lower degree of lyophility reaches 
high values. 
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Similar regularities can also be 
observed by comparing the gas-permea- 
bility of films derived from nitrocellulose 
of different degrees of depolymerization. 
The nitrocellulose film-forming composi- 
tions of high viscosity (highly lyophile), 
possessing solvation in a high degree, 
yield coatings and membranes of low gas- 
permeability. As the polymerization 
increases and the degree of solvation 
diminishes, the gas-permeability of nitro- 
cellulose films starts to grow. 

On the basis of this experimental data, 
Drinberg and his co-workers arrived at 
the conclusion that in order to define the 
observed regularities between the gas- 
permeability in measure of the growth 
of the degree of solvation, it is essential 
to examine further the variations of gas- 
permeability of certain substances (for 
example, gelatine) selected for the pur- 
pose, in relation to the degree of 
hydration. 

In this direction it is interesting to 
study the action of dehydrating agents. 
(for instance, for gelatine—an alcohol) 
and the influence of pH. The change of 
pH for the most hydrated gelatine may 
have a practical significance. 

Analogous conclusions may be made 
by considering the influence of plastic- 
izers. An increase in the content of the 
latter, connected with the rise in the 
degree of solvation, promotes the diminu- 
tion of gas-permeability (of course, up to 
certain limits, until the excess of the 
introduced plasticizer will cause the 
passage through ‘the minimum of per- 
missible mechanical properties of film). 
Obviously, the lower is the concentration 
of film-forming agents, at which occurs 
the gelatination of their solutions, the 
greater will be solvated fhe colloid under 
the test. Thus it is clear, that with the 
growth of the concentration of iso-viscous 
solutions (solutions at the moment of 
gelatination), or, what is identical, in 
measure of the fall of the degree of their 
solvation, the gas-permeability grows. 

The authors of the aforesaid experi- 
ments were led to the conclusion that the 
colloidal films, containing no solvation 
liquid, will be very permeable to gas,. 
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for in the latter case the gas will freely 
pass through the interstices between 
micelles. This may be deduced from the 
fact that the size of the gas molecule is 
hundreds or thousands times smaller than 
the dimensions of colloidal micelles. As 
the degree of solvation increases, i.e., in 
proportion of taking up liquid by the 
micelles, these interstices begin to be 
filled at a greater rate, and the complete 
gas-permeability, evidently, corresponds 
to the total filling by the liquid of the 
inter-micellar spaces. (Of course, this 
can only occur in the event of the absence 
of the inter-action between the gas and 
the liquid and the poor solubility of the 
gas in the latter.) This may be observed 
in the case of gelatine films, in which the 
gelatine is solvated on account of water 
and glycerine. Indeed, the molecules of 
glycerine and water already have the 
dimensions approaching very closely the 
size of the gas molecules, and create 
thereby the impermeability to gas. Thus, 
the impermeability of the colloidal films 
to gases will grow with the rise in the 
degree of the solvation, the life increasing 
with rising strength of the bonds between 
the colloid and the solvating liquid. 


(To be continued) 
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WELDING OF THERMOPLASTICS 
(Continued from p. 59) 

welding with hydrogen is the simplest, a 

fact to be attributed to the greater specific 

heat of hydrogen. 

Investigations were carried out on ten- 
sile test pieces as delivered and after 720 
hours’ exposure to tap water at 40 
degrees C. Results are shown in Fig. 7. 

Great care must be taken as to the 


purity of the gases employed, as impuri- 
ties such as water, oil or dust must 
seriously affect the quality of the weld. 
Simplest of all, of course, is the use of 
air for welding. If other gases be used, 
fire, explosion or asphyxiation may be 
dangers to reckon with. Variations in 
mechanical properties were not caused by 
the employment of different gases. 


(To be continued) 
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What could be more suitable than the water- 
proof feathers of a duck for dashing in and out of 
wet ponds—on the other hand a cockerel’s feathers 
are quite the best thing for strutting about in the 
barn-yard. Each is the best in its respective sphere. 


So, when considering a moulding proposition, 
the first question is ‘‘What is its purpose?” Can 
plastics provide something better than alternative 
materials? Will it wear better? Will it look better? 


Our laboratory research and vast commercial 
moulding experience can provide the answer. 
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GRINDING 


OF PLASTICS 


The MASSON ROTARY CUTTER 
reduces all kinds of Plastic materials 
and synthetic rubber to granular form, 
with complete freedom from dust. 
Any degree of granulation obtainable. 


LOW H.P. HIGH OUTPUT 


THE MASSON 
ROTARY CUTTER 


BLACKFRIARS ENGINEERING COMPANY, LTD. 


Blackfriars House, 
New Bridge Street, London, E.C.4 Tel.: CENtral 6383 


<7 \ RYSON 


Registered, 

Frade Mar* Acetate and other Synthetic 
; Mouldings. Modern Plant 

and Facilities 


APPLIANCE C2 [7® 
WOOLFOLD, BURY, LANCS. 


Telephone: Bury 1560-1 Telegrams :“Bysonite, Bury.” 











that your P 

could be improved by 

our process the advice 

of our specialists 's at 

your disposal. 

Submit your problems 
now! 








Prnefrucxs ROLLEY 


CO.LTD as 





D PLASTICS 

7 PARK LANE, LONDON.W. NORTHUMBERLAND S 
NEWCASTLE 

UPON TYNE. 


EXTRUDE 


TENAPLAS LTD. Head Office 
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MAINTAINING 
THE TRADITION 
OF 44 YEARS 
EXPERIENCE IN 
THE ART AND 
PRACTICE OF 

PLASTIC 
MOULDING AND 
TOOLMAKING 





TONBRIDGE, KENT 
PHONE: HADLOW 233/4 
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EXTINCT shis office woke 


run th e wor! 





~--. 
eg 


Theres no room now ir 
Scolosaurus tactics 


This. ‘* Maginot Line’ creature, being 
incapable of mental effort, didn't have to 
worry much—he just pushed his way 
blindlyon through swamp and thicket. But 
his armour didn’t save him—he just had 
to give way to smaller creatures blessed with 
intelligence, a sense of direction and speed. 





The same factors apply to modern 
industry. Mere size is no indication 
of efficiency. The national emergency 
has meant enormous extensions in 
many factories, but unless the office 
—the centre of control and direction 
—haskept pacetomeet the expansion, 
maximum output cannot be achieved. 
Efficient planning andcontrol demand 
the best scientific methods tostimulate 
methodical intake and allocation of 
essential materials, finished and semi- 
finished parts, etc., all reaching their 
appointed place in.the assembly line 
without interruption. 

Such a method is “KARDEX,” 

the Visible Record Plan 

% We regret that heavy priority commitments limit the 


installation of Kardex to industries engag 
on work of national importance. 









The latest booklet, “Production 
Control,”” by A. R. Jackson, will 
be sent for |/- rm free on 
request to Dept. 


KARDEX VISIBLE CONTROL were, 
1, New Oxford Street, London, W.C.1 
Phone: CHAncery 8888 (20 lines) 
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CELLULOSE ACETATE 


CELLULOSE 
ACETATE SHEETING 


CELLULOSE ACETATE 
FILM 


COURTAULDS 


Foleshill Rd., Coventry. Tel.: Coventry 88771 
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SAMUEL JONES: COL 


16/17 NEW BRIDGE ST-EC4 -cenrra.6500 

















PROGRE 55 
IM PLASTICS 


In recent years there has been 
great development in the plastics 


industry. Were it not for the 
tremendous strides made in peace- 
time, much of the war effort would 
not be possible, particularly in 
aircraft production. When peace 
returns plastics will play an ever- 
increasing part in the needs of 
mankind. In the meantime, if a 
job crops up, will you discuss it 
with us? 


SOUPIE X 


SOUPLEX LTD., MORECAMBE, LANCS. 














ARDUX is a quick-setting 
adhesive for mouldings 
and laminated plastics. 


A R T T X No preparation of the 


surface is necessary. 
WELDS PLASTICS 


Ardux is doing a 
valuable job in elimi- 
nating wastage and 
reduces machining of 
aircraft components. 
Ardux can help you in 
your problem; may 
we show you how? 


AERO RESEARCH LIMITED 


saw ston DUXFORD, CAMBRIDGE 











REDUCE NOISE 
INCREASE OUTPUT 


Equip your workers with the 
appliance tested and proved by more 


than 25 years’ successful service :— 
the 


MALLOCK-ARMSTRONG 
EAR DEFENDER 


39, Victoria St., London, 8.W.1. Phone: ABBey 7/13 
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CIALISTS 


4 e..« ° 
Wt Precision-production 


Quantity production of Aircraft parts and compo- 
4h nents machined from metals, alloys, etc., and more 
recently in Plastics, from rod, tube, sheet, etc. 














& Manufacture of high-precision Jigs and Fixtures 
(excluding moulds) for mass-production operations 
and assemblies. 


© 0/20 3040 % 60 
Fane Wa irRnrNa 


Also, construction of Units in transparent Plastics 
for scientific research or industrial purposes. 


3) SERVICE. An excellent precision laboratory 
guarantees Quality to finest limits and gives facilities 
to assist new industrial development. 


ALFRED PARTRIDGE & GOLTD, 
( SF WSTOM ; EN G l N Ee R S Sr 0 die S00r 


ASHTON KPQORT. ENGLAND 

















‘~: RAW] RE YOUR ELECTRICAL WORK 
AND BE SURE 


"SS 
Duratwinflat Durathreeflat Duratwincable 


Four @e@ee 


Distinctive DURATUBE 
Names DURATUBEX 
for DURAWIRE 


Four 
Outstanding DURACABLES For the grinding of 


all kinds of Powders, 
Products Chemicals. Minerals, 
Colours, Paints, Enamels, 
etc. Supplied lined with 
hard Porcelain, Silex, or special 
linings, and can be insulated to suit 
particular classes of work. 
Send for our free illustrated literature. 


STEELE & COWLISHAW, 








g 


ZY 
ss @ ngineers 
Multi-core i (Dept. No. 27), COOPER STREET, 
“oe ble f i HANLEY, STOKE-ON-TRENT. 
S$ Durathreeflex  Duracables London Office: 329, High Holborn, W.C.1. 


Telephone: Holborn 6023. 


DURATUBE & WIRE. LTD. CR’ p ee 
FASGS ROAD, FELTHAM, MIDDLESEX } ii Hecthy % « Conti's Boparianee in Grumding 
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ourary 
Poon aus fn SLEEVINGS AND Tuses For 

Noms POSES EXTRUDED he — 
; FROM M POLYVINYL Cc mone 


MICANITE & INSULATORS 


COMPANY Pic 


LIMITED 
WALTHAMSTOW “Spe” CONDON, E.17 


Télephone. LA 41044 (Pte 





.WANTED—ELECTRIC MOTORS, 
GENERATORS and ALTERNATORS of any 
size and voltage. Machines that require 
slight overhauling would be entertained. 
Also Switchgear, Panels, Steam and Diesel 
Generating Sets, etc. GEORGE COHEN, 
SONS & CO., LTD., WOOD LANE, 
LONDON, W.12, and Stanningley, nr. Leeds 












— MOULDS. DIES, te 
&- GAUGES FOR 
roo Rh PROBLEM 


214/222, Cardig 
Telephone: LEEDS 52033 


an Road, LEEDS, 








FINANCIAL & PARTNERSHIP 





SITUATIONS VACANT 





ADVERTISER desires to take an interest in Industrial Plastics. 
Details in confidence to Box No. 2871, c/o ‘‘ PLASTICS,” 
Bowling Green Lane, London, E.C.1, 70/50 





CAPITAL.—Bank Official pate, having procured £2,000 to 
£40,000 for many new and e: ed Companies, proofs avail- 
able, has CLIENTS WANTING “DIRECTORSHIPS with in- 
vestments of £2,000 to £10,000 each. Box No. 3550, c/o 
** PLASTICS,” Bowling Green Lane, London, E.C.1 69/x8389 


COMPANY IN THE NORTH WEST, engaged under Essential 
Work Order, require experienced plastic moulding tool designer. 
Apply, stating age, experience and salary required, to Box No. 
3698, c/o ‘* PLASTICS,” Bowling Green Lane, London, E,C.1. 

69/70 











MACHINERY, PLANT & TOOLS 


PLASTIC MOULDERS AND TOOL MAKERS require General 
Manager with knowledge of Injection and Compression Moulding, 
Organising ability and business experience necessary. Salary 

£1,000 per year or according to capabilities. Apply Box No, 3008, 
c/o “ PLASTICS,” Bowling Green Lane, London, E.C.1, 69/69 








ELECTRIC MOTORS, Engines, complete Generating Sets, a) 
teed. GERBER POWER UNITS, Wembley. 70/52 


SITUATIONS WANTED 








SEVERAL BRAND NEW MOTORS, from 1} h.p. 5 h.p., 
400/440 volts, 3-phase, 50-cycles. THE STERLING PUME 
co., LTD., 29; London Road, Spalding. 71/76 








MACHINERY, PLANT & TOOLS WANTED 


CHARTERED ACCOUNTANT, for eight years connected with 
plastics industry, latterly as chief accountant and secretary, re- 
quires change. Previous professional experience first-class. 
Capable organiser. roel to punched card systems, 
budgetary control, company law, staff control, and soon, Box 
No. 3636, c/o ‘* PLASTICS, " > Bowling Green Lane, London, 
E.C.1, 69/x8419 








ADVERTISER REQUIRES 2 OR 4 OZ. INJECTION ee 
PRESS. Semi-Auto. Full particulars to Box 9, SMIT 
LIBRARY, Slough. 30/78 





YOUNG MAN, exempt, good educati ive position 
with plastics manufacturers. Box No. rh s¢/0 ** PLASTICS,” 
Bowling Green Lane, London, E.C,1, 69/x8442 





HYDRAULIC PRESSES WANTED. Send fullest details and 
prices to Box No. 3697, c/o “‘ PLASTICS,” Bowling Green Lane, 
London, E,C,1, 72,71 


WANTED 








SMALL KNEE LEVER BUTTON PRESS (Lilliput) required for ex- 
port. Must bein working order. Fulldetailsto A. PLEIN &CO., 
LTD., The Camp, Little Kimble, nr. Aylesbury, Bucks, 69/x8287 


URGENTLY REQUIRED. ‘“‘ Plastics,’’ 1940 to 1942, complete. 
WM. DAWSON & SONS, LTD., 43, Weymouth Street, W.1. 
Tel.: WEL, 1621, Ext. 12. 69/75 











MISCELLANEOUS 








PATENTS 





THE PROPRIETORS OF BRITISH PATENT NO. 523,477 are 
prepared to sell the patent or to license British manufacturers 
to work thereunder. It relates to Apparatus for Moulding Plastic 
Materials, Address: BOULT, WADE & TENNANT, 112, 
Hatton Garden, London, E.C.1. 69/74 


ACETATE AND NITRATE OFF-CUTS and scrap sheets, also 
fiakes, available for work of National Importance. LLOYDS, 
72, Bridge Street Christchurch. 2zz/65 





COUPON FREE. Denim battledress jackets, 7s, 11d,, trousers, 
7s. 11d, (part worn). ANNS, 228, Clapham Road, 8.W.9. 
*Phone: Reliance 3464. 69/68 








PRODUCTION CAPACITY AVAILABLE 





ADVERTISER IN A POSITION TO UNDERTAKE PELLETING. 
Send enquiries to Box No. sees o ** PLASTICS,” Bowling 
Green Lane. London, E.C.1 70/x7281 





MONOMARK. Permanent confidential London address, Letters 
redirected. 5/-p.a. Write BM/MONO76, W.C.1, 74/73 





7,000 MEMBERS OF THE SCIENTIFIC BOOK wrth doth believe 
that Knowledge is Power. Are you a member? Particulars from 
121, Charing Cross Roai, London, W.C.2, 2zz/66 








Printed in England and Published Monthly by the Proprietors, TEMPLE PRESS: LTD., BOWLING GREEN LANE, LONDON, E.0.1. 
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Tullis Rasasell + Co.Ltd 


MAKERS OF 


BODY PAPERS 
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AUCHMUTY & ROTHES PAPER MILLS 
MARKINCH, SCOTLAND 


LONDON MANCHESTER BIRMINGHAM 
| Tudor Street, E.C.4 372 Corn Exchange Buildings 116 Colmore Row 
Corporation Street 
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How 
many 


PLASTICS 


Frankly, we have never added them up. Probably 
there are more than there are Steel Specifications. 
And, as with Steel, selection of material is of vital 
importance. 

There are moulding materials which would be use- 
less for gear wheels—laminated materials you would 
not use for electrical components—synthetic resins 
which would be quite unsuitable for such items as 
distance pieces. 

There are Plastic materials which can be machined 
just like steel—plastics with high hygroscopic quali- 
ties—we could go on indefinitely. 

The point is—when designing for Plastics consult 
ERINOID Ltd. As one of the oldest firms in the 
Industry they can advise you. 


ERINOID 


te yf Lhe otilest names ut the asties Inilitstry 


4 LN 


MOULDING MATERIALS SYNTHETIC RESINS 
LAMINATED MATERIALS 


ERINOID LIMITED, LIGHTPILCLE MILLS, STROUD, GLOS 








